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CARNALLITE AND.SYNGENITE IN THE DEPOSITS OF THE DZHAKSY~-KLYCH 


SALT LAKE (NEAR THE ARAL SEA) 


I. N. Lepeshkov and Kh. B. Fradkina 
(Presented by Academician I. 1. Cherniaev, November 1, 1957) 


Potassium-containing minerals are very rarely found in deposits of present day salt lakes. 


G. G. Urazov et al. noted the presence of carnallite (KCl ~-MgCl,*6H,O) and kainite (KCl «~MgSO,°3H,0) 
in the salt deposits on the shores of the Kara-Bogaz-Gola zone. 


In a physicochemical investigation of the salt lakes on the northeastern shores of the Aral Sea, we found 
syngenite (KgSO4+CaSO,+H,O) and carnallite in the deposits of the Dzhaksy-Klych Salt Lake 


This lake is 20 km northeast of the Aral Sea. Besides the brine in the lake, there are deposits of salt in 
the form of astrakanite (NagSO,4-MgSO, + 4H,O), mirabilite (NagSO,*10H,O), thenardite (NagSO,), hydrates of 
magnesium sulfate (MgSO,- 7H,O, MgSO,-6H,0O, MgSO,*5H,0, MgSO,-H,0), glauberite (NagSO,*CaSO,) and 
gypsum (CaSO, +2H,0). 


The total thickness of the strata in the lake is 4.5-5 m.[1]. 


There is a stratum of astrakanite (up to 1.5 m thick) and, in some regions of the lake, mirabilite and’ 
thenardite under the upper layer of sodium chloride (up to 2 m thick). 


Crystals of magnesium sulfate hydrates (hexa~, penta- and monohydrates) and gypsum are found in the 
lower layer of the astrakanite stratum, 


In the druses of astrakanite crystals we found syngenite in the form of fine, white crystalline inclusions of 
the following chemical and mineralogical composition (Table 1). 


TABLE 1 


Content 


Content 
Salt weight % Mineral ’ 


weight % 


9.27 Syngenite 33.72 
(KgSO4-CaSO,-H20) 
a -Mg 
18.25 Pentahydrate ‘ 16.39 
MgSO,-5H,0 
17.89 NaCl 2.83 


a 
2.83 Water-insoluble residue 4.40 
Water-insoluble 
residue 9.41* 


* 4.71% CaSO, was taken from the insoluble residue of syngenite. 


CaSO, 
MgSO, 
321 


20 


Fig. 1. Heating curve of syngenite. 


The presence of syngenite was confirmed by crystalloptical and thermographic investigations. 


The crystalloptical constants of syngenite, natural and synthetic, were the following: synthetic syngenite 
Ng 1.518, N,, 1.501;natural syngenite (from Dzhaksy-Klych Lake)Ng 1.519, Np 1.500. 


The heating curve of a sample of the natural salt from the Dzhaksy-Klych Lake(Fig. 1) has thermal effects 
which are characteristic of syngenite and also of magnesium sulfate hydrates and astrakanite, contained in the 


sample, 


min. 


Fig. 2. Heating curve of carnallite. 


The effect at 245° corresponded to syngenite dehydration, at 432° — its decomposition and at 590° — its 
conversion to potassium sulfate. 
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The thermal effects at 80, 155 and 360° corresponded to the dehydration of magnesium sulfate hexahy- 
drate and kieserite and at 220° to astrakanite dehydration. 


The syngenite was formed, most probably, by reactions of lake brine, containing up to 2% KCl, with 
gypsum, of which there are large deposits in the salt lake. 


It should be noted that syngenite is rarely found in nature. It was first found in the Kalusha salt deposits 
(Stanislavskii region, Ukr. SSR) and named Kalushite [2]. 


Carnallite was the other potassium salt we found in the salt deposits taken from the surface of the Dzhaksy- 
Klych lake. 


The carnallite crystallized from the brine as it evaporated in the summer, In addition to carnallite, 
crystals of magnesium sulfate hydrates and bischofite (MgCl, *6H,O) were formed from the brine. 


TABLE 2 


Content, Content, 
Salt weight % ' Mineral weight % 


19.85 Carnallite 58.52 
Cl. MgCl,-6H,0 
24.44 Hexahyarate 37.45 
(MgSO,-6H,0) 


15.71 Bischofite 2.24 
(MgCl, -6H,0) 
NaCl 


1.88 1.88 


58.55 99.79 


Table 2 gives the chemical and mineralogical composition of salt samples taken from the surface of the 
Dzhaksy-Klych Lake (northern basin). 


The heating curve of a sample of this salt is given in Fig. 2. The thermal effect on the curve at 60 and 
80° corresponds to hexahydrate dehydration; at 160, 230 and 400° to carnallite dehydration and decomposition, 
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DIENE CONDENSATIONS OF GEM-SUBSTITUTED BUTADIENES 


Academician I. N. Nazarov and M. V. Mavrov 


The question of whether or not gem-substituted butadienes undergo diene synthesis remained unsettled 
until recently. Except for a few papers [1-3], which appeared recently, the diene condensations of these dienes 
were only known from patent data. 


At the same time, a series of authors reported that dienes of this type did not undergo this reaction at all 
[4], or, as shown for example in condensations with maleic anhydride, formed only polymeric products. 


We undertook a detailed investigation of this kind of condensation. As the simplest gem-substituted dienes 
we took 1,1-dimethyl- (I), 1,1,2-trimethyl- (II), 1,1,3-trimethyl- (III), 1,1,4-trimethyl- (IV), 1,1-dimethyl- 
-2-isopropyl- (V) butadienes and diisobutenyl (VI) and, with the exception of 1,1,3-trimethylbutadiene (III), we 
specially developed the preparation of these materials; as dienophils we used maleic anhydride, acrylonitrile, 
methyl acrylate and crotonaldehyde (see Table 1). 


With maleic anhydride under various conditions (temperature, time, solvent, etc) dienes I, IV and VI gave 
only polymeric products, while 1,1,2-trimethyl- (II) and 1,1-dimethyl-2-isopropyl- (V) butadienes with maleic 
anhydride (100°, 15hours) gave 40 and 70% yields, respectively, of adducts. 


Further investigation showed that the compounds obtained corresponded to the adducts of isomeric forms 
of the starting dienes, {.e., 


\ & CO,H 


R=CH,, CH(CH), 


The use of dienophils of lower reactivities than maleic anhydride, required more drastic temperature 
conditions (for example, 230-260° for diisobutenyl), and the condensation of the dienes I, IV and VI was ac- 
companied by considerable polymer formation and the total yields of condensation products were only 15-30%. 
Thus we were able to react all the dienes, which we studied (see Table 1). The structures of the adducts ob- 
tained were proved by dehydration of the materials over catalysts of chromium and aluminum oxides (with gem- 
dimethyl groups present, the dehydration over these was accompanied by only demethylation) or 20% palladium 
on charcoal, with subsequent oxidation to known aromatic acids, 


From dehydration of the acid, obtained by hydrolysis of the adduct of diisobutenyl VI and methyl acrylate, 
both over Cr,0;/A1,0, and over Pd/C and subsequent oxidation with dilute nitric acid under pressure, we isolated 
only isophthalic acid and not terephthalic acid, which would correspond to the normal addition product. The 
course of the reactions performed may be represented by the scheme: 


In the same way, the condensation of 1,1-dimethylbutadiene (I) proceeded with complete preliminary 
isomerization of the diene. In proving the structure we were able to demonstrate the presence of both struc- 
tural isomers corresponding to 1,3-dimethylbutadiene, with approximately 5-7% of the meta isomer present. 


Apparently, during the reaction the original dienes undergo a rearrangement of the double bonds similar 
to the allyl rearrangement to form the 1,3-disubstituted butadienes. In a paper [5], which appeared during the 
course of this work, Alder and Schumacher reported the existence of this type of isomerization, but the authors 
completely denied the possibility of gem-substituted dienes' undergoing diene synthesis without preliminary 
isomerization. We were able to establish that some gem-substituted dienes can undergo diene condensation 
directly, but together with the adducts of normal structure, products are formed from isomeric forms of the 
original diene, which indicates partial isomerization of the dienes under the condensation conditions. 


Thus, with methyl acrylate, 1,1,4-trimethylbutadiene (IV) forms a mixture of isomeric esters, containing 
about 60% of the normal adduct, and this was determined from the ratio of benzoic and terephthalic acids in 
the reaction products according to the scheme; 


The condensation products of 1,1,2-trimethylbutadiene (II) and methyl acrylate was a mixture of at 
least three adducts, corresponding to the normal and the isomeric forms of diene II, whose presence was estab- 
lished by the following series of conversions; 


: 
CO,H 
CO,H 
ae 
ve 
| 


The benzoic, o-phthalic and hemimellitic acids thus isolated in a ratio of 1:2:5 approximately cor- 
responded to the ratio of isomeric esters contained in the original mixture. 


On oxidizing the mixture of aldehydes, obtained in the condensation of 1,1,2-trimethylbutadiene (II) 
with crotonaldehyde, with moist silver oxide we isolated crystalline 2,2,3 ,6-tetramethyl- A*-tetrah ydrobenzoic 
acid (20-25% of the mixture of acids) in a pure form, whose structure was proved by conversion into trimel- 
litic acid. Dehydrogenation of the residual mixture of acids and subsequent oxidation and separation gave 
isophthalic, trimellitic and prehaitic acids in approximately equal ratios. Thus the mixture of aldehydes con- 
tained about 50% of the adduct from normal addition. 


We studied the behavior of 1,1-dimethyl-2-isopropylbutadiene (V) in condensation with methyl acrylate. 


On dehydrating the mixture of acids, obtained by hydrolyzing the adduct, and oxidizing the product, we 
isolated o-phthalic and hemimellitic acids in the ratio of 1;3, i.e.,in this case there was partial formation of 
the normal addition product. 


The exception in this series of dienes is 1,1,3-trimethylbutadiene (III). As was known previously, the 
latter reacts with various dienophils very readily to give the normal adducts in good yields, 


In the dehydration of the mixture of nitriles, obtained from the condensation of 1,1,3-trimethylbutadiene 
(III) with acrylonitrile, over CrgO;/Al,0, and subsequent hydrolysis and oxidation by the scheme; 


TABLE 1 


Methyl acrylate Acrylonitrile 

- X - - 
it °C/mm |condition 3 °C/mm condition 


220 23} 76— 14 
81/7 


98— 
101/7 


( 
\ 


\ 


together with trimellitic acid we isolated trimesic acid, corresponding to the metaisomer, which was present 
to the extent of 3-5%. 


Thus it was established that 1,1-dimethylbutadiene and diisobutenyl only undergo diene synthesis after 
preliminary isomerization into 1,3-disubstituted dienes and do not form normal condensation adducts at all. 


1,1,2-Trimethyl-, 1,1,4-trimethyl- and 1,1-dimethyl-2-isopropylbutadienes form the normal products of diene 
synthesis together with the adducts of isomeric forms of the geminal diene. Only 1,1,3-trimethylbutadiene 
undergoes diene synthesis normally. 
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ALKYLATION OF PHENOL WITH DIISOBUTYLENE AND TRIISOBUTYLENE IN 
THE PRESENCE OF CATALYSTS CONTAINING BORON TRIFLUORIDE 


Academician A. V. Topchiev, B. M. Tumerman and T. A. Fedorova 


As was reported earlier [1], phenols are alkylated in high yield by the lower olefins, isobutylene and iso- 
amylene in the presence of catalysts containing boron trifluoride. This led us to expect that such catalysts as 
the ethyl etherate of boron trifluoride (CgHs),O -BF;, orthophosphoric acid saturated with boron trifluoride 
HsPO,-BF; and boron trifluoride monohydrate H,O - BF; would also be active catalysts in the alkylation of phenol 
with diisobutylene CgHyg and triisobutylene 


The alkylating hydrocarbons, diisobutylene and triisobutylene were prepared by polymerization of iso- 
butylene in the presence of boron trifluoride ethyl etherate. The method of preparing diisobutylene and triiso- 
butylene and their structures have been published [2, 3]. Basic constants; for diisobutylene b. p. 100-110", nfy 
1.4105, d3° 0.7216, aniline point 40; for triisobutylene b. p. 175-180°, aniline point 73.5, n?§ 1.4329, 439 0.7216. 


The catalysts—boron trifluoride ethyl etherate, orthophosphoric acid saturated with boron trifluoride and 
boron trifluoride monohydrate—were prepared by passing gaseous boron trifluoride into diethyl ether, orthophos- 
phoric acid and water. In the reaction of gaseous boron trifluoride with diethyl ether, orthophosphoric acid and 
water, molecular compounds of these substances were formed. Their preparation, physicochemical characteris- 
tics and catalytic properties have been described [4]. 


In a series of experiments we studied the yield of alkylate (p-tert.-octylphenol and dodecylphenol) in 
relation to the nature of the catalyst, its optimal amount, the reaction temperature, the reaction time and the 
ratio of the reaction components, 


The experiments were performed in the following way. Into a round-bottomed, three-necked flask, fitted 
with a mechanical stirrer, a reflux condenser and a dropping funnel, was placed 50 g (0.5 mole) of freshly dis- 
tilled molten phenol. Various amounts of the catalysts studied (see Table 1) were added to the phenol. After 
this the stirrer was started and 30 g of diisobutylene (0.5 mole per mole of phenol) or triisobutylene (in a ratio 


varying from 0.5 to 1 mole per mole of phenol) was added dropwise, The temperature of the mixture was kept 
constant with continuous stirring. 


At the end of the reaction, the reaction mixture was washed with hot water in a separating funnel until 
neutral to congo, dried over calcium chloride and vacuum distilled (10 mm pressure). 


Alkylation of phenol with diisobutylene and triisobutylene in the presence of boron trifluoride ethyl | 
etherate (C2H;),-O-BF;. The reaction was performed by the method described above, The amount of catalyst, 
reaction temperature and reaction time were varied in this series of experiments on the alkylation of phenol 
with diisobutylene (Table 1). | 


In the alkylation of phenol with triisobutylene we studied the alkylate yield in relation to the amount of 
catalyst, the temperature, the reaction time and the ratio of olefin to phenol (see Figs. 1-3). 


Table 1 shows that the alkylate yield increases when the amount of catalyst is increased from 1 to 5% on 
phenol. Increasing the amount of catalyst to 10% does not raise the alkylate yield, Raising the reaction tem- 
perature and the reaction time decreases the alkylate yield. 


Figure 2 shows that the alkylate yield increases when the amount of catalyst is increased from 1 to 5%. 
The optimal conditions for alkylating phenol with trlisobutylene are the following: reaction time, 3 hours; 
temperature, 70°; amount of catalyst, 5% on phenol. 


TABLE 1 


Effect of Amount of Catalyst (CgHg)gO «BF, and Reaction Temperature and Time on the 
Alkylation of Phenol with Diisobutylene 


Taken for reaction eaction con- Products obtained, % 


diiso- catalyst 


buty- temp., alkylate | residue | losses 
lene, g % 


phenol 


1 


6. 
6, 
3. 
54, 
40. 


Alkylation of phenol with diisobutylene and triisobutylene in the presence of orthophosphoric acid satu- 
rated with boron trifluoride H,PO,*BF, and boron trifluoride monohydrate HzO -BF,. The experimental pro- 


cedures were not changed. The results of this series of experiments on the alkylation of phenol with diisobuty- 
lene are given in Table 2 and with triisobutylene, in Figs. 1 and 3. 


Table 2 shows that increasing the reaction tem- 
perature from 50 to 100°, the amount of catalyst from 
1 to 5% and the reaction time from 2 to 4 hours in- 
creased the alkylate yield by 5%. 


The alkylation of phenol with diisobutylene in 
the presence of boron trifluoride monohydrate was per- 
formed under the optimal conditions for H,PO,-BF;. 
We used 50 g of phenol and 30 g of diisobutylene, the 
reaction temperature was 50° and the reaction time 
2 hours; under these conditions the alkylate yield equal- 
led 38% of the theoretical. The results of alkylating 
phenol with triisobutylene are illustrated in Figs. 1 and 
3, which show that the alkylate yield (catalyst H,PO,- 
«BF3) is raised on increasing the amount of catalyst 
from 5 to 10% and on increasing the reaction time from 
1 to 4hours. With the catalyst, -BFs, the alkylate 

yield increases on raising the temperature from 25 to 


0 40 GO 8% 50° but at 100° it decreases considerably. 
Yield 


Investigation of alkylation products. The p-tert. 

Fig. 1. Alkylate yield in relation to temperature. -octylphenol obtained was washed with hot water until 

Catalysts; a) HsPO,4*BFs (10%); b) H,O -BFs (10%). neutral to congo, dried and vacuum distilled at 10 mm 
pressure. We obtained oily and crystalline products, 


The crystalline products were recrystallized several times from ethy] alcohol or isooctane. Recrystalliza- 
tion from acetic acid or normal heptane gave poor results, After recrystallization from isooctane, the octyl- 
phenol melted at 68-70° (melting point of pure octylphenol, 73-74"). 


The oily products were the corresponding phenol ethers and were not examined in detail. 


Properties of p-tert.-octylphenol: b. p. 100-154", M = 210, m. p. 68-70°, OH (by Tserevitinov [ Zere- 
witinoff] method) 5%. 
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TABLE 2 


Effect of Amount of Catalyst H;PO,°BF, and Reaction Temperature and Time on the 
Alkylation of Phenol with Diisobutylene 


Taken for reaction fea — Products obtained, % 


nal, iisobuty- talyst time, 
g phenol |alkylate | residue | losses 


30 38.2 
30 38 

30 45.0 
30 45.1 


The dodecylphenol obtained was washed with hot water until neutral to congo and vacuum distilled 
(5 mm pressure). We collected fractions at 100-150° (crystals) and 150-165° (oily). The crystalline fraction 
was recrystallized from ethyl alcohol. The dodecylphenol melted at 62-64". 


S 


Ne 


< 


Yield Yield 


Fig. 2. Alkylate yleld in relation to amount of Fig. 3. Alkylate yield in relation to reaction time, 
catalyst (CgHs),0 *BF; (70°, 3 hours). Catalysts. a) *BFs (10%, 70°), b) H,O 
( 20%, 50°), c) HyPO, *BFs (10%, 100°). 


Properties of dodecylphenol fractions: fraction I, b. p. 100-155°/5 mm, M = 258, m, p. 62-64", OH 
(by Tserevitinoy method) 6.1%, fraction Il, 155-165°/5 mm, M = 262°, 
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PREPARATION OF ISOPRENE BY CATALYTIC DEHYDROGENATION OF 
ISOPENTENES 


Academician A. A. Balandin, O. K. Bogdanova and A. P. Shcheglova 


The solution of the problem of isoprene polymerization and the preparation of isoprene caoutchouc, 
with properties surpassing those of natural caoutchouc, have created the problem of developing a method for 
synthesizing isoprene. The cheapest and most advantageous raw material for preparing isoprene is petroleum 
and its reprocessing products. The petroleum industry has large stocks of isopentane and isopentenes which 
could be used for preparing isoprene by catalytic dehydrogenation. 


According to the literature data [1-4], isopentenes diluted with water vapor in a ratio of 1; 7.5-18.8 
volumes are dehydrogenated at 635-650° and a flow rate of 319-476 volumes per volume of catalyst per hour. 
The isoprene yields, under these conditions, are 35% of the isopentenes passed and 65-74.5% of the isopentenes 
decomposed, The reaction proceeds for an hour and then the catalyst is regenerated for an hour. 


We investigated the catalytic dehydrogenation of isopentenes. In order to find the optimal conditions 
for the reaction, the experiments were carried out at various temperatures and rates of isopentene introduction 
and with water vapor dilution. As a solvent water vapor has advantages as besides lowering the partial pressure 
of the hydrocarbon, it can also act as a heat carrier, it is readily separated from the reaction products, and, 
moreover, it removes the carbonaceous deposits from the catalyst and thus considerably increases the operating 
time of the catalyst without need of regeneration. 


The amylenes for the experiments (mixture of isomers, with b. p. 21-37°) were prepared by dehydrating 
isoamyl alcohol over aluminum oxide and were purified by distillation on a column of 60 t.p, The experiments 
were carried out in a flow system, The apparatus was the same as in [5]. The initial hydrocarbons were in- 

' troduced from a tank. The input rate was regulated with a needle valve and controlled by a rheometer. Be- 
fore entering the furnace, the isopentene vapor was saturated with water vapor to the required ratio in a satu- 
rator. The reaction products passed from the furnace into a receiver with a reflux condenser, where the water 
vapor was condensed and collected in a trap, placed in a Dewar flask cooled with a mixture of CO, and acetone. 
The gas evolved was collected in a gasometer over a saturated solution of NaCl. The gas volumes were correct- 
ed to n.t.p. The gas collected was analyzed on a modification of the Orsat-Eger apparatus. The isoprene con- 
tent of the catalyzate was determined with maleic anhydride. The total unsaturated and saturated hydrocarbons 
were determined in the gas phase, obtained by evaporating a catalyzate sample in a current of nitrogen into a 
cylindrical gasometer over a saturated solution of NaCl. The hydrocarbon content of the gas was maintained 

at not higher than 15-16% in order to avoid condensation. 


We investigated the effect of temperature, input rate and degree of dilution with water vapor on the iso- 
prene yield, The results of experiments on the effect of temperature (540-635°) on the dehydrogenation at 
various flow rates are given in Table 1. By raising the temperature from 540 to 600°, at a flow rate of ~5000 
m1/liter «hour, the isoprene yields increased from 18.4 to 30.6%. At the same flow rate the isoprene yields 
were 29% at 620° and 26.4% at 635°. Figure 1 shows the relation of isoprene yield to temperature. 


The effect of the input rate on the process was investigated in the same temperature range by varying 
the input rate of isopentenes from 3500 to 8100 ml/liter-hour., Table 1 shows that at 540-560° the isoprene 
yield maximum was displaced towards lower rates. At a temperature of 580-600", the change in flow rate 
from 4300 to 7800 ml/litershour hardly affected the isoprene yields; at 600° the isoprene yields changed from 


29.7 to 31.4% of the isopentenes passed and from 88 to 92% of isopentenes reacted (Fig. 2). With a rise in tem- 
perature the yield maximum was displaced towards greater input rates as the thermal conversion of isoprene 


was considerably accelerated by higher temperatures. At an input rate of 8100 ml/liter -hour and at 620°, the 
isoprene yield reached 36.4% of the isopentene passed. 


TABLE 1 


Dehydrogenation of Isopentenes at Various Temperatures and Flow Rates 


Gas analysis, vol. % 


ture, °C 
2 


CG, C,H, CH, 


Dilution with 


Tempera- 

of isopen- 

ml/liter 

water vapor 

Cc wt 
H,0 

tene passed 


Input rate 
tenes, 


on 
o 


4400 
6500 
8500 
3900 
4700 
9600 
7200 
8100 
4920 
6700 
7300 
7800 
9960 
6660 
7900 
8100 
5800 
6370 
8000 
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*Isoprene yields calculated on reacted isopentenes in relation to the flow rate; at 
540° 95-97 weight %; at 560° 93-96 weight %; at 580° 90-94 weight %; at 600° 
88-93 weight %; at 620° 84-90 weight %; at 635° 74-84 weight %. 


In order to elucidate the effect of the degree of dilution with water vapor on the process, we carried out 
two series of experiments at 560 and 580° and an input rate of 6500 ml/liter -hour. The dilution of isopentenes 
with water vapor was varied from 1;1.2 to 114.2 (by weight). As can be seen from Fig. 3, the maximum on 
the curves corresponds to an isopentene dilution with water vapor in a ratio of 1: 2.3-3.3 (by weight). With a 
decrease in the degree of dilution, the formation of light hydrocarbons and COg, increased and the isoprene 
yield decreased. In experiments carried out without dilution, the isoprene yields were only 8.6% at 580° and 
1.4% at 560°. 


Thus, the best conditions for dehydrogenating isopentenes into isoprene are; a temperature of 580-620° 
an input rate of 5000-8000 ml per liter of catalyst per hour and dilution with water vapor in a ratio of 1; 2.3- 
3.3 (by weight). The process may be continued for a long time without catalyst regeneration. 


We also carried out balance experiments at 600°, an isopentene input rate of 6700-7200 ml/liter *hour 
and dilution with water vapor in a ratio of 1:3 (by weight). The experiments lasted 2-3 hours, The results 
are given in Table 2, The catalytic gas consisted of hydrogen (89-90%) with a small amount of CO,, C,H, 
(0.4%), C4 hydrocarbons (1.6%) and CH4 (4.2%). The degree of decomposition of the isopentenes was 30-31.5%. 
Besides the main reaction of isopentene dehydrogenation into isoprene in a 28.8-28.2% yield on the isopentene 
passed and 91.3-91.7% on isopentene decomposed, there also occurred demethanation to give butylene and 
butadiene (total 1.6%), hydrogenation of isopentene to isopentane (0.4%) and isoprene decomposition to give 
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540 «580 «600s Flow rate 


Fig. 1. The effect of temperature on isoprene Fig. 2. The effect of flow rate on the isoprene yields 
yield at various flow rates; 5600 ml/liter -hour, at various temperatures; 1) 560°, 2) 580°, 3) 600°, 
2) 6700 ml/liter- hour, 3) 7900 ml/liter «hour. 4) 620°. 


TABLE 2 


Isopentene Dehydrogenation at 600°, 7000 ml/liter - hour Input Rate and Dilution with 
Water Vapor in a Ratio of 1:3 (by weight) 


4 


Composition of reaction products, 
weights % of isopentene passed 


te 


Gas analysis, vol. % 


Catalyza 


collected, g 


2 


Degree of 
conversion 


og 
3 

4 


Gas collected 


coco liters (n,t.p,) 


ow 


0.2 |28.2/69.2 
|28.8)/68.6 


89.4 
90.6 


light gases and carbon dioxide (0.3%). The carbon dioxide formed as a result of the carbonaceous deposits on 
the catalyst reacting with water vapor by the reaction: C + 2H,O = 2H2+ CO,. 


We also studied the kinetics of isopentene dehydrogenation into isoprene. The experiments were carried 
out in the temperature range 530-590, at a flow rate of 7000 ml/liter «hour and dilution with water vapor in a 
ratio of 1;3 (by weight). We found that at 560° the 
adsorption coefficients of isopentene and the reaction 
products, hydrogen and isoprene, calculated by the 
formula (5): 


wt% 


5wt% 
a were in the ratio 1; 0.8:3.55, 1.e., isoprene was ad- 
Fig. 3. The effect of the degree of dilution with sorbed more strongly on catalytically active surface 
water vapor on the isoprene yield at a temperature than isopentene, and hydrogen was adsorbed almost 
of; 1) 560°, 2) 580°. the same as isopentene; with an increase in tempera- 
ture the relative adsorption coefficient of hydrogen 
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remained unchanged, but that of isoprene decreased to 2.8 at 580°. The rate constant of the reaction, calculated 
by the formula (5); 


[Ai] -++ 22 [Ae] +25[As] ’ 


changes from 4.3 ml/min at 530° to 12.25 ml/min at 590°. The activation energy of the dehydrogenation was 
23.3 kcal/mole. 
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REACTION OF DIACETYLENE WITH ETHYL MERCAPTAN AND SOME 
PROPERTIES OF THE COMPOUNDS OBTAINED 


A. V. Bogdanova, M. F. Shostakovskii and G. I. Plotnikova 
(Presented by Academician B. A. Kazanskii, January 8, 1958) 


Syntheses with diacetylene have made it possible to prepare a series of ethynylvinyl ethers [1, 3], 
which are interesting from the point of view of their reactivity and the preparation of 1-alkox ybutadienes- 
1,3 from them [4]. In these papers it was shown that alcohols of the aliphatic and hydroaromatic series react 
smoothly with diacetylene to form the corresponding ethynylvinyl ethers and acetals of the butynyl type 
CH =C — CH = CH — OR and CH,;—C =C — CH(OR),. It seemed interesting to study the reaction of diacety-. 
lene with mercaptans also. On this subject the literature contains only a patent [5] describing the reaction of 
diacetylene and butyl mercaptan and benzyl mercaptan. The only products isolated by the authors were the 
corresponding ethynylvinyl ethers. The example of a reaction of diacetylene with a mercaptan that we studied 
involved ethyl mercaptan, which is readily available and its reaction with diacetylene has not been described, 
We found that ethyl mercaptan even reacted with diacetylene with slight heating of the mxiture and that in the 
presence of alkali the reaction began at room temperature and was accompanied by self-heating. The presence 
of azoisobutyronitrile hardly produced any additional initiation of the reaction, indicating that the first stage 
of the reaction of diacetylene with mercaptans proceeds mainly by an ionic mechanism, The reactions follow 
scheme (I) and, depending on the ratio of the starting materials and the temperature, give rise to ethynylvinyl 
thioethyl ethers and the product of the addition of two molecules of mercaptan (II), which has a butadiene 
structure. 


RSH I RSH 
CH = C—C=CH CH= C— CH = CH 


II 
— CH = CH —CH = CH—SR 


The reaction proceeds stepwise as is proved by the possibility of the second stage proceeding indep- 
pendently and with another mercaptan. However, the addition of a mercaptan to the ethynylvinyl thioethyl 
ether may proceed under the influence of various reagents and factors; alkali, HCl, radical initiators and 
heating. In the two latter cases, the reaction gives high yields of end products which indicate that the addi- 
tion of a mercaptan to an ethynylvinyl thioethyl ether proceeds more readily by a radical mechanism than 
by an ionic one. In this case the main reaction products are dithioalkylbutadienes~1,3; 


CH =C— CH = CH —SR-+ R’SH — R’S —CH = CH — CH = CH — SR 
or = C(SR’) —CH = ClI— SR 
Randk’ = CH; (III); R= CGH; R’ = CoHs (IV) 


(2) 
337 


This is supported by the fact that the products obtained by ionic and radical mechanisms react with 


maleic anhydride to give adducts from diene synthesis with the elimination of two molecules of mercaptan 
during the reaction to form phthalic anhydride; 


CH =CH—CH=CH CH—C=0O 
SR 


Some difference in the physical constants and a high exalation of molecular refraction for the product 
from the addition of two molecules of mercaptan to diacetylene is apparently explained by the presence of 
isomeric compounds, which may include other isomeric products besides the compounds with a butadiene struc- 
ture. To prove the structures of the compounds isolated, we used the method of mercuric chloride titration, 
which one of us and Prilezhaeva [6, 7] proposed for the determination of vinyl thioalkyl ethers. The ethynyl- 
vinyl thioethyl ether reacted with an alcohol solution of mercuric chloride with quantitative formation of ethyl 


mercaptomercury chloride, an equivalent amount of HCl and, apparently, ethynylvinyl ethyl ether by equation 
(4) 


CH = C—CH = CH—S—G,H, + HgCl, + C,H,OH > 
— C,H;SHgCl + HCl + (CH =C — CH = CH — OCH} (4) 


and, consequently, this method may be used for the quantitative determination of ethynylvinyl thioalkyl ethers. 
The action of an aqueous solution of mercuric chloride on ethynylvinyl thioethyl ether and the product with 
two mercapto groups leads to incomplete decomposition of the starting materials. In this case the ethyl mer- 
captomercury chloride and HC] liberated represent on an average 40 and 60%, respectively. 


CH =C— CH = CH — SC,H; + H,0 + HeCl, > (5) 
— C2HsSHgCl + HCI + — C ==C — CHO). 


Reaction of diacetylene with ethyl mercaptan. Into a reaction apparatus, fitted with a stirrer and a 
reflux condenser, connected to a spiral trap, was placed a 2% solution of potassium hydroxide in 26.1 g of ethyl 
mercaptan (b. p. 36-36.5°) and 20 ml of dioxane. Seven g of diacetylene was absorbed at 65-70° and then the 
mixture was stirred at the same temperature for 1 hour more, At the end of the reaction the mixture was washed 
several times with water, dried over potassium carbonate and vacuum distilled: 


Fraction 1 47-50°/8 mm 9.1 g; 


Fraction II 112-120°/5 mm 4.6 g; 
Residue 1.9 g. 


Fraction I was ethynylvinyl thioethyl ether with b. p. 65-65.6°/17 mm; ni = 1.5468; d9°= 0.9516. 
Found MRp = 37.38; calculated for CgHgS |= |= MRp = 35.35. The yield was 58.1% of theoretical. 
Found %; C 64,02, 64.32; H 7.29, 7.18; S 27.96. CgHgS. Calculated %; C 64,23; H 7.19; S 28.58. 


After two distillations fraction II had the following constants; b. p. 116.0°/5 mm; n¥ = 1.5853; d2° = 
= 1.0193, Found MRp = 57.34; calculated for CgHy4S, 2|= MRp = 54.15 and was the product from the addition 
of two molecules of mercaptan to diacetylene (II). The yleld was 18.8% of theoretical. 


: 
SR 
y, 
| | Yo + 2RSH. 
SR 
4 
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Found %; C 54.86, 54.86; H 7.78, 7.94. CgHyS,. Calculated %: C 55.12; H 8.09. 


The product did not show a reaction for an acetylene bond with an ammonia solution of AgNO, and on 
adding excess of mercuric chloride solution, the two products isolated showed an acid reaction to methyl orange. 
The experiments performed under different conditions are reported in Table 1. 


Decomposition of ethynylvinyl thioethyl ether (I) and the product with two mercapto groups (II) with an 


alcohol solution of mercuric chloride. Into a conical flask was placed a sample of the material and 6-7 ml of 


a 20% solution of mercuric chloride in ethyl alcohol (containing 2.2 times the amount of mercuric chloride 
theoretically required according to reaction (4)). A light precipitate precipitated immediately and this settled 
to the bottom when the solution stood’for a day. The contents of the flask were diluted with 25 ml of distilled 
water and titrated with 0.1 N NaOH in the presence of methyl orange. After the titration, the precipitate of 


TABLE 1 


Reaction of Diacetylene with Ethyl Mercaptan 


Molar Time 
ratio, di- in 


Reagent |acety~ 
lene; 
mercaptan 


in 
% of 


in 
theoreti- 
cal 


Yield of 
butadiene 


KOH 
KOH 
KOH 
KOH 
KOH 


Nitrile 


TABLE 2 


4 
| | 


ooo 


oo 


ethyl mercaptomercury chloride was filtered off into a 
weighed glass filter, washed with hot xylene and dried in 
a vacuum desiccator, The ethyl mercaptomercury chlo- 
ride isolated did not melt on heating to 200° and de- 
composed at about 320° (5). The results of titration and 
the yield of ethyl mercaptomercury chloride are given 
in Table 2, 


Hydrolysis of ethynylvinyl thioethyl ether and the 
product with two mercapto groups in the presence of 


mercuric chloride. A sample of the material was mixed 


with excess of a 5.5% solution of mercuric chloride in 
water. We immediately observed the formation of a 
light precipitate of ethyl mercaptomercury chloride and 
a tarry mass, which settled on the walls of the flask. 
After standing for some time, the solution was titrated 
with 0.1 N NaOH and then the precipitate was filtered 
off,carefully washed with acetone to remove tar, dried 
and weighed. The ethyl mercaptomercury chloride iso- 
lated did not melt on heating at 230°. The results of 
the experiments are given in Table 3. 


Quantitative Determination of Ethynylvinyl Thioethyl Ether 


Sample 
Expt. of ether 
No. ing 


0.1 N NaOH] as 


Thioether found 


Yield of ethyl mercapto- 


% of th mercury chloride 
of theo- 


consumed | retical ing |i2 %o of 


in ml 


theoretical 


0.2042 
0.2076 


18.20 
18.56 


99.94 0.52 96.4 
100.2 0.53 96.5 


Reaction of ethynylvinyl thioethyl ether with ethyl mercaptan and thiophenol. The reaction was per- 


formed in sealed ampules or in a flask, at various temperatures and in the presence of various reagents (Table 


4). 


The product with two mercapto groups (II), obtained in the presence of azoisobutyronitrile had the 
following constants; b. p. 120.0°/5 mm; njy = 1.6062, d4°= 1.0134; MRp = 59.29. Calculated for CgHygS22 F 


= 64.15, 


Found %: C 55.26, 55.12; H 8.28, 8.16; S 36.59, 36.65. Cgliy4Sp. Calculated %: C 55.12; H 8.09; 


S 36.78. 


Expt. 
No. 
1 14 \48—60 

1:2 4 |50—55 

3 1 50—55 
4 <3 4 |65—70 

5 2 |65—70 

6 2 |50—55 

| | 
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TABLE 3 


Hydrolysis of Ethynylvinyl Thioethyl Ether and Dithioethylbutadiene-1,3 in 
the Presence of Mercuric Chloride 


Expt. 
No. 


0.1 N NaOH |Found, 


Sample | consumed 


as % of 


theoretical 


Yield of ethyl mercapto- 
mercury chloride 


in g in ml 


ether 


buta- 
diene 


in g 


in % of 
theoretical 


0.2114 
0.1832 


0.1856 


41.4 
0.1942 42.2 


0,26 
0.25 
0.40 


0.44 


46.4 
48.1 
64.0 
64.8 


Constants of dithio(ethylphenyl)butadiene-1,3 (III) isolated. B. p. 165.0-165.2°/2.5 mm; ny = 1.6697; 
dg= 1.0990; MRp = 76.56. Calculated for CygHy4S:5 MRp = 69.02. 


Found %; C 64.79, 64.64; H 6.36, 6.32; S 29.20, 29.30. CygHy4Sg. Calculated %; C 64.81; H 6.34; 
29.51. 
TABLE 4 


Reaction of Ethynylvinyl Thioethyl Ether with Ethyl Mercaptan and Thio= 
phenol 


Yield of pro- 
gee duct II, % of 
me 


theoretical 


Reaction 
temperature 
in °C 


Rez t 
No. agen 


1 drop HCl 5 Hours} 
2 drops HCl Month 
1 drop _ HC1; hydroquinone 5 Hours 
2% KOH 6 » 
0,5% Nitrile 6 » 
» Month 
None 6 Hours 
0,5% Nitrile with thiophenol 1 » 


2 
3 
4 
6 
8 


*Product II. 


Condensation with maleic anhydride. Heating 12.6 g of the addition product of ethyl mercaptan and 
ethynylvinyl thioethyl ether (II) and 7.8 g of maleic anhydride in 35 ml of benzene at 130° for 10 hours gave 
4.6 g (69.4% of theoretical) of phthalic anhydride, which melted at 130.5° (from petroleum ether) and did not 
depress the melting point of a pure sample. The literature reports m. p. 131.6° [8]. 


Found %: C 65.14, 64.94; H 2.93, 2.82. CgH,O,. Calculated %: C 64.87; H 2.72. 


From the benzene fraction we isolated ethyl mercaptan as 2,4-dinitrophenyl ethyl sulfide with m. p. 
114°, a mixed melting point was not depressed. The literature reports m. p. 115° [9]. Phthalic anhydride was 
also obtained from product III. 
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INVESTIGATION OF THE PRECIPITATION OF HEXAVALENT 
URANIUM HYDROXIDE 


S. A. Brusilovskii 
(Presented by Academician D. S. Korzhinskii, January 7, 1958) 


When examining the origin of uranium ore deposits and planning prospecting operations, using the hydro- 
chemical method, it is necessary to know the conditions under which uranium compounds precipitate from 
various types of natural water. The most important forms for precipitation are the hydroxides, as the uranium 
minerals, which are the most common and the most valuable, from the industrial point of view, are those in 
the oxide group; uranite, pitchblende and uranium blacks which separate from aqueous solutions at low tempera- 
tures and inevitably pass through a hydroxide stage. This paper gives the results of investigations, completed | 
in 1955, on the conditions of precipitation of hexavalent uranium hydroxide. 


A series of papers [1-15] have examined the hydrolysis of the uranyl ion and its precipitation from solu- 
tions with alkalis. Various hydrolysis schemes with the participation of UO,OH* [3, 14], U,0%* [2] ions and 
other polymers with n = 3 [5, 9], n = 4[4], up to n = 6 [10] were proposed, The number of hydroxyl groups in 
a polymer ion varies from 0 to 5 and the fon charge from +2 to—3. There is also considerable disagreement 
in the evaluation of the solubility product LyO,(OH), from 1.41071, corresponding to the solubility of. 


SUO,( OH),= 9-16 g/liter [16], to 2°10" [17}. 


Let us establish a relation between the pH value at which hydroxide precipitation starts, the solubility 
product,and the initial concentration of metal ions in the solution, Taking into consideration the formation 
of soluble basic salts at the first hydrolysis stage, we have 


Me"+ +- mOH~ = Me(OH)-”)* (n — m) 2 


Then the solubility product, corresponding to the actual dissociation scheme, equals 


Me(oH) (2 + 


Using the expression for the ionic product of water; 


Ky = |H*| _ Kp YH*YOH™ 
41,0 


Introducing ionic indexes and substituting the value [OH™] yop from (2) in (1), we obtain: 


pL, = m) pH_|- (2 — m) p Ky — 


— (n — m) Ig (yuyou-)- 


| a) 


The solubility of the hydroxide = [Me(OH)(""™*} = is readily derived from (3); 


ps = [Pha t+ (nm) Ig (n — m) + 


+l1g or + (n— m) lg you-] - 


The “full solubility product Lg = [Me"*] [OH™]" y yyen+ YOu" has in this case only a formal value 
and may be referred as S; 


Ly = (5) 


Taking logarithms and substituting pS from (4) and then pL (1) from (3), after collecting similar terms 
we obtain: 


pL (2) + 1) p Me — (n — m) (n+ 1) pH + 


+ (n — m) (n + 1) pKa — (n—m) (n + 1) lg (n —m) —n(n—- m+ 1) lgn— 
—(n—m+ 1) lg Ymon+ — — (n — m) (n+ 1) Ig 


According to equation (3), in order to find Ly and Lg, it is necessary to; a) establish the value m, which 
is determined by the actual hydrolysis scheme; b) establish experimentally the equilibrium pH at which pre- 


cipitation starts, and c) use the values y yjen+, Y Me( OH) ™ and f = (yH+y OH~). The initial concentration 
of metal ions and the ionic product of water are set by the experimental conditions. 


Method. The main experimental method was potentiometric titration of perchlorate solutions of uranyl 
salts with NaOH solutions with pH measured by a glass electrode, The uranyl perchlorate solutions were pre- 
pared by dissolving UO, *1.96 H,O, purified by the peroxide method, in HC1O,4. The alkali solutions, which did 
not contain carbonates, were prepared by dissolving metallic sodium in degassed, doubly distilled water ( pH 
6.5-6.8). The titration was carried out in a current of nitrogen, free from CO, and Og, in a closed vessel placed 
in a mixer, imitating the movement of a hand during titration. 


The relation of the pH at the beginning of hydroxide precipitation to the initial uranium concentration. 
The first series of titrations of UO,(C10,4), from 0.1 to 0.00001 M was carried out by the usual method. 


The curves obtained (Fig. 1) are close to the data found by Sutton [5] and many other authors, though 
we did not observe the constancy of the ratio [OH™] / [uo3*}, according to Sutton, which equals 1.66 for all 
concentrations and this indicates the inaccuracy of the hydrolysis scheme he proposed. We found that starting 
from a ratio of [OH~] / [uo%z*} > 1, the equilibrium in uranyl salts being titrated with alkali is established 
slowly (after hours and days) so that ordinary titration with minute counts could not be used. Therefore, the 
following method was used. A certain volume of UO,( C104), solution was poured into a series of test tubes and 
then alkali was added in such amounts that the ratio [OH] / [UOo%z*} changed from 0 in the first to 3.0 in the 
last tube; after this the tubes were stoppered and shaken at 20° for the required time, while their pH was per- 
iodically tested and precipitation watched for. Figure 2 shows the data obtained for 0.1 M starting solution. 
The same character was observed for the changes in other concentrations. Apparently, time “develops” the 
titration curve and brings out clear horizontal sections which correspond to the precipitation of uranyl hydroxide 
and its conversion to sodium diuranate. The usual titration curves (see Fig. 1) have sections which correspond 
to metastable phases, Figure 3 shows how the precipitation conditions change in relation to the initial uranium 


concentration. Up to the start of precipitation, the solution contains only monocharged uranium ions, i.e., 
m=1. 


Determination of the activity coefficients of the ions. As the only literature data we came across were 
those of Robinson and Lim [18], which, according to the activity coefficients, referred to more concentrated 


3 
ane 


uranyl salt solutions, we determined these coefficients (y uo3* and Y UO,OH*) experimentally. If uranyl hy- 


droxide precipitated in the absence of complex formers in two solutions with the same uranium concentration 
and with different ionic strengths, 4, and yj, then the pH at the start of precipitation would be different due 
only to the different activity coefficients. From equation (1) we have: 


Ig Ig Yuo, out, + Ap [U0,0H*}u; ApH 


— Alg (yrYou-)u- 


An analogous expression may be obtained for y uo2"- If 4, is quite small then the first term in equa- 
tion (7) may be calculated by the Debye-Hickel formula, the second term is set by the experimental conditions 
(dilution), ApH is determined experimentally and the 4th term is calculated from table data. One can show 
that the curves for potentiometric titration of uranium solutions with different ionic strengths are equidistant, 
so that the experimental determination of y UO,0H* and y uo3* is reduced to potentiometric titration of a 


uranyl perchlorate solution, neutralized before the start of hydroxide precipitation, with an NaClO, solution, 
which changes the ionic strength. By this method we obtained the data shown in Fig. 4. 
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Fig. 1. Curves for the potentiometric titration of a 
UO, (C104), solution with sodium hydroxide, plotted 
in the usual way. The uranium concentration was 
Cyozt; A) 0.1 M, B) 0.01 M, C) 0.001 M, D) 0.0001 
M, E) 0.00003 M, F) 0.00001 M. Sutton's data are 
shown with crosses (0.01 M); the arrows indicate the Fig. 2, Changes in the curves for the potentiometric 
start of visible precipitation. titration of a 0.1 M UO, (C104), solution with sodium 
hydroxide with time 1) t= 0; 2) curve A Fig. 1,t= 2 
Determination of the solubility product of min; 2) t= 1 day; 4) t= 3 days; 5) t = 6 days; 6)t= 8 
uranyl hydroxide. By substituting the data obtained = days; 7) t = 13 days; 8) t = 60 days; 9) t = 107 days; 
in equations (1) and (3), we calculated the follow- the arrows indicate the start of visible precipitation. 
ing for uranyl hydroxide; Ly = 1.3- 10% y= 
= 6°107!8 and S = 3.3°1074 g/liter (u < 0.001) at t= 20°. Direct determination of SUO,(OH), give 
high results [16] due to the exceptional tendency of the hydroxides to form colloidal solutions, The displace~- 
ment of the pH___ the start of hydroxide precipitation due to temperature change determined to dis- 
cover the temperature dependence of LYO,(OH),* "4 Ly; was calculated from the equation derived from (1): 


| 
| 
| 


pLit, = pLir, + ApH — ApKg Alg yuo,on+ + A lg (yH+Yor-). 
The temperature dependence of L (2) was determined analogously. These relations are expressed by 
the equations; 


pL, = 12.16 —0,0141 ¢. (9) 
pL, = 17.65 — 0.21561. (10) 


> 


Fig. 3. The relation of the conditions of UO, (OH), Fig. 4. The relation of the activity coefficients of 
precipitation to uranium concentration. UO,OH* and uo3* to the ionic strength of the solution. 


The data obtained in the work make it possible to calculate the conditions of hexavalent uranium precipita - 
tion from some types of natural waters. 
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THE FORM IN WHICH SILICON EXISTS IN LIQUID IRON 


A.A. Vertman and Corresponding Member Academy of Sciences 


USSR A. M. Samarin. 


One of the least studied problems is that of the form in which elements exist when dissolved in liquid 
metals, although it is important in the theory of the liquid state and from the practical point of view in the 
metallurgical industry. This is due to the difficulties of performing experiments at high temperatures and, 
mainly, to the fact that the majority of the investigators tackled the problem from the point of view of formal 
thermodynamics. An example of this is Darken's paper [1], in which he concluded that silicon is present in 
a melt in the form of the Fe,Si molecule, partially dissociated into atoms. However, the calculated value for 
the solution heat of silicon in iron [1] contradicts the direct thermodynamic measurements. 


Data on the structure of liquid metals and their alloys may be obtained by x-ray analysis [2] or indirectly 
from data on solubility of gases and separate elements in a liquid metal[3]. X-ray analysis of a liquid at high 
temperatures and over a wide range of temperatures is very difficult experimentally and is by no means free 
from systematic errors, which make interpretation of the results obtained difficult; due to this, conclusions on 
the characteristics of this or that structure of metallic melts are not unequivocal [4]. A simpler way of studying 


the structure of metallic melts, which is equally re- 
liable, is to measure their structural-sensitive properties 
Fest, — electroconductivity, viscosity and magnetic suscep- 
' ' tibility. These properties may be measured by non-con- 
SN tact methods, which is a deciding factor in investiga - 
tions at high temperatures, 


In order to establish the forms in which silicon is 
present in liquid iron, we measured the magnetic sus- 
ae ceptibility of liquid alloys of the Fe-Si system (from 0 
to 60 weight % of Si). 


The measurements were carried out by Faraday's 


method on a special apparatus [5]. The results of meas- 
Fig. 1. Change in magnetic susceptibility of liquid urements at 1600° are given in relative units in Fig. 1. 
melts of the Fe-Si system at 1600° in relation to They indicate that the magnetic susceptibility x is much 
composition. lower, the higher the degree of order in the solution. 
Actually, a minimum in x was noted for melts containing 
34% silicon and corresponding to the stable chemical compound FeSi. This iron ‘silicide is stable even in the 
temperature range of steel working (1500-1700°). 


The presence of FeSi was also confirmed by the results of determining other characteristics of iron and 
silicon melts, The value of the e.m.f, changes radically in the Fe-Si-C system with 32.5% silicon [6]. In de- 
termining the surface tension of the Fe-Si system [7] and the interphase tension at the FeSi-slag boundary [8], 
an experimental point was found which corresponded to the melt containing 34% silicon. The FeSi compound 
is apparently so stable that its presence is detected even by relatively crude measurements, which do not in- 
dicate the presence of other structural forms in Fe-Si melts. 


12 
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It was noted [9, 10] that the Kurnakov point, characterizing the conversion order-disorder, in melts of 
the Fe-Si system, and in a melt of iron aluminum and silicon, lies close ta the melting point, and possibly, 
above it. In fact, a definite degree of order, whichis, apparently, quite high, is maintained even on super- 
heating the melts containing 12-16% silicon, to 150° above the liquidus line. 


It seemed interesting to compare the results of the magnetic analysis, which reflected the structural 
changes in the liquid in relation to composition, with the chemical properties of the melts. According to the 
data available [3], all the isotherms up to 1650° for hydrogen solubility at atmospheric pressure have a clearly 
defined minimum at 34 wt. % of silicon, which corresponds to the minimum of magnetic susceptibility. It 
was shown [11] that the curve of nitrogen solubility at 1600° in iron and silicon melts in relation to the com- 
position passes through a minimum at a 13-15% silicon content, which also corresponds to a minimum in mag- 
netic susceptibility. With an increase in the silicon content to 20% the nitrogen solubility rises as does the 
magnetic susceptibility. 

SUMMARY 


1. The magnetic susceptibility of Fe-Si system melts have a minimal value for compositions correspond - 
ing to the chemical compounds; Fe,Si; Fe,Sig; FeSi and FeSi, — which is direct proof of the presence of struc- 
tural forms similar to silicides, in the melts. 


2. The magnetic susceptibility of the melts decreases with an increased degree of order. It is minimal 
for chemical compounds and maximal for solutions with completely mixed atoms. 


3. The structural changes in the melts are related to their chemical properties, in particular to the solu- 

bility of gases. 
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THE EFFECT OF ATOMIC CONCENTRATIONS OF CHROMIUM, 
MOLYBDENUM AND TUNGSTEN ON THE PROPERTIES 
OF NICKEL SOLID SOLUTIONS 


I. I. Kornilov and N. T. Domotenko 


(Presented by Academician A. A. Blagonravov, January 11, 1958) 


Chromium, molybdenum and tungsten, elements of group VI of the periodic table, have-a body-centered 
cubic lattice and form limited solid solutions with nickel. 


The solubility of these elements in nickel decreases in the order chromium, molybdenum and-tungsten. 
It is determined by the relative differences in the atomic diameters of nickel and these metals. The difference 
between the atomic diameters of these elements and the atomic diameter of nickel, and their maximum solu- 
bility in nickel are the following: 


Mo 
Difference between at. diameters 
and at. diameter of Ni (in %) 12.4 
Maximum solubility (in at. %) 
at the eutectic point 50.0 23.0 
at 700° 40.0 14.9 13.0 


The substitution of the metal-solvent atoms by atoms of the dissolved substance causes the formation of 
additional chemical bonds in the system, which strengthen the lattice of the metal-solvent. This was pointed 
out in a paper [1] on the physicochemical theory of the heat stability of solid metal solutions. 


The different solubilities of chromium, molybdenum and tungsten in nickel and the differences in their 
atomic structures, as well, must have different effects on the properties of nickel solid solutions. This paper 
aims at establishing the rules governing the changes in these properties in relation to the atomic concentra- 
tion of Cr, Mo and W, using physicochemical analysis. The results of measuring the lattice period of a nickel 
solid solution showed that at equal atomic concentrations of these elements, the degree of deformation of the 
nickel crystal lattice increased from Cr to Mo and W. This order corresponds to the sequence of these elements 
in the periodic table and is a result of the degree to which their atomic diameters differ from the atomic dia- 
meter of nickel. This is confirmed by the different degree of expansion of the nickel lattice parameter at 
equal atomic concentrations of Cr, Mo and W (Table 1). 


TABLE 1 


Lattice Parameters of Pure Ni and Its Solid Solutions with 4, 6 and 10 at. % of Cr, Mo 
and W 


Lattice Latti Lattice 
attice 
parameter parameter parameter 


A A A 


Ni 3.518 || with Cr 6 % 3.524 |\with Cr 10 % 3.528 
Ni solid solutions; with Mo6 % 3.542 |lwith Mo10 % 3.558 
withCr 4 % 3.522 |lwith W 6 % 3.543 |lwith W 10 % 3.560 
withMo4 % 3.533 
with W 4 % 3.535 


TABLE 2 As these data show, the greatest difference in 

the lattice parameters occurred in the case of a nickel 
Hardness of Ni Alloys with 4, 6 and 10 at. % of Cr, solid solution with tungsten (at 4, 6 and 10% concentra- 
Mo and W (in kg /mm*) tions of W) and the least — in nickel solid solutions with 
—- chromium (with the same concentrations of Cr). Molyb- 


— denum occupied an intermediate position. 


ure, 
°C 


A study of the specific electrical resistance with 
the same atomic concentrations of Cr, Mo and W showed 
20 that the sequence of growth of this physical constant 
800 was also in the order, chromium to molybdenum to 
1000 tungsten, Using alloys with 4, 6 and 10% Cr, Mo and W, 
we then studied their hardness at room temperature, at 
800 and 1000° (see Table 2) and their heat stability at 
800° and a pressure of 4kg /mm? and at 1000° and a 
pressure of 2 kg/mm*. The hot hardness was studied on 
the apparatus described in paper [2], while the heat stability was tested by the bending method on a centri- 
fugal machine [3]. 


As the data in Table 2 show, the hardness values 
at equal atomic concentrations and at the temperatures 
investi gated increased from chromium to tungsten to 
molybdenum, Molybdenum gave the maximum increase 
in hardness of nickel solid solutions at all three tempera- 
tures. Thus, for change in hardness, as one of the charac- 
teristics of stability, the sequence of the effect of Cr, 
Mo and W does not correspond to their position in the 
periodic table. The same was observed in the changes in 
heat stability (determined by the bend method) in rela- 
tion to concentration of these metals in solid solutions 
with nickel. Using the results of measuring the bend of 
the needle after various periods of pressure, we plotted 
a diagram showing the time required for the needle to 
reach a bend of 5 mm in relation to the Cr, Mo and W 
content of nickel solid solutions. The corresponding 
LL a curves for 800 and 1000° are given in Fig. 1. An anal- 
ysis of this graph shows that an increase in Cr, Mo and 
4 6 ge Wath W concentrations in a nickel solid solution resulted in 

c a strengthening of the alloys at both the isotherms given 
Fig. 1. The relation of the time required for the in the graph. With equal atomic concentrations of the 
needle to reach a bend of 5 mm to the Cr, Mo effective element, alloys of nickel and molybdenum 
and W content of a nickel solid solution. a) at have a higher value for heat stability than the solid 
t= 800°C, o—4kg/mm’, b) at t= 1000°C, solutions with chromium and tungsten. At a temperature 
o = 2 kg/mm’, of 800° and a pressure of 4 kg/mm? for the needle to 
reach a bend of 5 mm, a Ni solid solution with 10 at. 
% of Cr required 200 hours, with 10% W — 500 hours and 
with 10% Mo — more than 900 hours. 
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The results of these investigations are summarized in a diagram (Fig. 2), in which the elements interact- 
ing with nickel are plotted on the abscissa in the order in which they appear in group VI of the periodic table, 
and the time required for the needle to reach a bend of a given amount (5 mm) in determining the heat sta- 
bility at 800°C and a pressure of 4kg /mm®, is plotted on the ordinate. This diagram shows that at all three 
concentrations of the elements reacting with Ni investigated,. the heat stability of the solid solutions of Cr, Mo 
and W changes in the same sequence as hardness at the same temperature. According to the value of heat sta- 
bility, as with hardness, these elements may be placed in the order; Cr —- W — Mo. 


352 


The difference in the effect of molybdenum and 
tungsten on the electrical resistance and on the change 
in the crystal lattice period of the solid solution, on the 
one hand, and on hardness and heat stability, on the other, 
may be explained by the fact that the difference in 
atomic diameters has adecided effect on the first two 
properties, while the strength of the chemical bond be- 

tween the reacting atoms in the solid metal solutions 
/ affects the mechanical properties. In the last case, the 
iP elements affect the chemical strengthening of nickel 
solid solutions individually. 


8 


: A decrease in the heat stability of alloys when 
Cr Mo Ww tungsten replaces molybdenum in a nickel solid solu- 

tion is probably due to the fact that the strength of the 
Fig. 2. The effect of chromium, molybdenum and chemical bond between nickel and tungsten atoms is 
tungsten on the stability of a nickel solid solution less (due to the more complicated structure of tungsten 
att = 800°C ando=4 kg/mm?, aj)C=4 at. %, atoms) than between nickel and molybdenum. These 
b) C = Gat. %, c) C=10at.%. problems require further investigation. 


Time for needle to reacha 
bend of 5 mm 
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‘THE EFFECT OF y -RADIATION ON COAL IN AN AQUEOUS MEDIUM 
AND IN A CARBON TETRACHLORIDE MEDIUM 


B. I. Losev, M. A. Troianskaia and E. A. Bylyna 


(Presented by Academician A. V. Topchiev, January 13, 1958) 


It is known from papers on water radiolysis [1, 2] that, under the effect of ionizing radiation, ions and 
free radicals are formed in water in the presence of atmospheric oxygen, and these are capable of causing the 
oxidation or reduction of substances, added to the aqueous system irradiated, One might expect that 8 -radia- 
tion of coal in an aqueous medium would induce chemical changes in the most reactive part ofthe organic 
substance of coal and the transfer of the germanium, contained in the coal, to the aqueous medium. The use 
of the oxidative processes, occurring during the irradiation of an aqueous medium, would be valuable not only 
for extraction of germanium, but also for investigating and identifying the products of the radiolytic purifica- 
tion of coal. 


We irradiated coal in an aqueous medium in glass ampules with a dose strength of 200 r/sec and an in- 
tegral dose of 10° r. Co® was the y -tadiation source. 


For the investigations we used four grades of coal: lignite from the basin near Moscow and coal from the 
Donets basin—bituminous steam coal (BS), gas coal (G) and coke (C). The germanium content of the latter 
two grades was very low. 


After irradiation the coal was filtered from the water and the aqueous medium analyzed for germanium 
content. The germanium was determined using the method developed by the Ukrainian Institute of Rare Metals. 
The determination results are given in Table 1. 


The largest germanium yields from the irradia- 
tion of coal in an aqueous medium were obtained from 
the BS grade of coal (50.2%) and the lignite (41.0%). 


TABLE 1 


Sample, g |Germanium yield 
Y per lo of We further investigated the possibility of increas- 
gal aes ing the germanium yield from coal by using chlorina- 
tion, which is one of the most important, from the theo- 
Lignite from neary retical and also from the practical point of view, of a 
BS ya f ; group of methods for extracting rare and dispersed ele- 
G coal . : ments from minerals, polymetallic ores [3] and from 


Coke (c) 20 . . coal [4, 5). 


coal 


Elemental chlorine is mainly used in the chlo- 
rination. The use of such strongly chlorinating chlorine 
compounds as sulfur monochloride, carbon tetrachloride etc. can considerably increase the possibilities of this 
method. 


Many papers on radiation chemistry [6-8] report that free chlorine is the main radiolysis product when 
carbon tetrachloride is irradiated with y-rays. We made use of this phenomenon in our work on extracting 
germanium from coal in carbon tetrachloride. Coal samples in carbon tetrachloride were placed in molybde- 
num glass ampules and sealed in an atmosphere of air, The irradiation was carried out at three different integral 
doses: 108, 10’ and 10° r, The dose strength was 200 r/sec in all cases. 


After irradiation the ampules were opened, the coal separated from the liquid phase,and the germanium 
content both of the liquid phase and of the coal was determined to obtain a complete balance for the germanium. 


Very little germanium poset into the liquid phase in grade G coal and coke (C) at integral radiation 
doses of 10° and 10’r. At10°r integral dose, the germanium yield from coke was 13% and from gas coal — 
only 5.6% of the total amount of the element in the coal. 


A higher germenium extraction index of up to 53% was obtained on irradiating grade BS coal. Table 2 
gives the experimental results of irradiating dried, grade BS coal in dry carbon tetrachloride. 


We obtained complete extraction of the germanium by irradiating dried lignite in dry carbon tetrachloride 
(see Table 2), 


TABLE 2 At an integral dose of 10° r all the germanium in 
the coal passed into the liquid phase, from which it 
Integral Germanium yield could be extracted by existing methods, 


— eT | % of coal The degree of extraction of germanium from coal 
, content depended not only on the radiation dose, but also on the 
presence of moisture in the system. When dried lignite 
BS coai from the| 10° was irradiated in undried carbon tetrachloride, the ger- 
manium yield decreased to 40.3%, Irradiation of moist 
lignite (14% moisture) in undried carbon tetrachloride 
Lignite from 10° ; : with the same integral dose, gave a germanium yield 
neat Moscow a ; : of only 9.3%. Irradiation of grade BS coal gave analo- 
, gous results. Irradiation of dried BS coal in dry carbon 
tetrachloride gave a germanium yield of 53%, while in 
undried carbon tetrachloride the germanium yield fell 
to 12.4%, Irradiation of undried BS coal in moist carbon 
tetrachloride with the same integral dose (10° r) gave a germanium yield of only 6% of the total content. 


Besides using carbon tetrachloride radiolysis for extracting germanium from coal, we observed an‘in- 
creased solubility of coal in carbon tetrachloride after y -irradiation which, without doubt, could be very valu~ 
able from the point of view of the chemical processing of coal. 
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DISPROPORTIONATION OF HYDRAZO COMPOUNDS ON HEATING 
WITH AMINE SALTS AND WEAK ACIDS 


V.O. Lukashevich and L. G. Krolik 
(Presented by Academician B. A. Kazanskii, January 22, 1958) 


It is well known that the hydrazo compounds of the benzene series slowly decompose to form almost ex- 
clusively disproportionation products, when gently heated (100-150°) in an inert medium.* According to our 
determinations, if an equimolecular amount of azobenzene is added to hydrazobenzene, to keep it in a molten 
state, and this mixture is heated at 110°, after 60 min. the hydrazobenzene disproportionation will be only 7% 
of the theoretical, as shown by the amount of aniline formed, 2,2-Dimethylhydrazobenzene decomposes much 
more slowly in the presence of an equimolecular amount of the corresponding azo compound. Isomeric 3,3" _ 
and 4,4'-dimethylhydrazobenzenes (ligroin was added to the latter) decompose almost as rapidly as hydrazo- 
benzene. The disproportionation of these hydrazo compounds corresponds to 1, 4.8 and 10.4% of the theoreti- 
cal, respectively (see Table 1). 


We have now established that in the presence of hydrochlorides of amino compounds, disproportionation 

_ of hydrazo compounds accelerates sharply. Thus, for example, on heating (110°) a finely ground mixture of 
equimolecular amounts of hydrazobenzene and aniline hydrochloride, the mass rapidly became red and. melted 
and after only 15 min the hydrazobenzene disproportionation reached 80%; the reaction mixture was a bright, 
reddish color and only traces of o-aminodiphenylamine were found in the rearrangement products. 


When the amount of aniline hydrochloride was decreased to 10% of molar, the hydrazobenzene decom- 
posed more slowly; nevertheless, after heating for an hour somewhat more than 80% had decomposed (ex- 
periment No. 2 in Table 1). With stronger heating (140-160°) the partially resinified mass contained con- 
siderably greater amounts of rearrangement products—among them benzidine (about 2%). 


The effects of benzidine dihydrochloride and aniline hydrochloride on hydrazobenzene were almost iden- 
tical, but benzidine monohydrochloride had a much weaker effect (experiment No. 5 in Table 1) which is ex- 
plained by the weaker dissociation of this salt, due to the high basicity of benzidine. Using the fact that benzi- 
dine, aniline and benzidine hydrochloride are a series of compounds with successively decreasing basicity, we 
were able to obtain monohydrochlorides of benzidine and analogs, that are difficultly obtainable, by treating 
the dihydrochlorides of these bases in aqueous solutions with aniline; the yields were over 85-90% of the theo- 
retical. 


The mechanism of the reaction described consists of the following: very small amounts of HC1, formed 
by weak dissociation of the amine hydrochlorides when gently heated, were trapped by the hydrazo compound 
and this resulted in the formation of the corresponding hydrochloride; 


+ 
RNH — NHR ++ HCI =. | RNH — NH,R | Ci, (1) 


which dissociates to a greater degree than the original amine hydrochlorides. Using hydrazobenzene hydro- 
chloride as the example, we showed [2] that in an inert gas atmosphere and at normal temperature this 


* As we showed under analogous conditions, rearrangement occurs in the naphthalene series [1]. 


TABLE 1 


Expt. 


Initial substance 


Hydrazo compound 
(0.005 mole) 


Amine salt or acid 
(0.0005 mole) 


amine, 


Hydrazo 
compound 


recovered 
% 


Hydrazobenzene 


2,2'=dichlorohy- 
drazobenzene 
3,3*-dichlorohy- 
drazobenzene 


4,4'-dichlorohy- 
drazobenzene 


zobenzene 


zobenzene 


2,2*~dimethylhydra~. 


3,3'-dimethylhydra-. 


Aniline hydrochloride 

Aniline sulfate 

Benzidine dihydrochloride 
(0.00025 mole) 


Benzidine monohydrochlo- 


ride Benzoic acid 
Acetic acid 
Butyric acid 

Aniline hydrochloride 


Aniline hydrochloride 
Aniline hydrochloride 


o-Toluidine hydrochloride 


Aniline hydrochloride 


S oo 


a NS 


ak wk o 


= 


OO & 


on 


32.2 


2.0 


27.4 


12.4 


4,4'-dimethylhydra- 
zobenzene 
Traces 


a 


Aniline hydrochloride 


= 


2,2"-dimethox yhy- 
drazobenzene 


o-Anisidine hydrochloride 


7.5 


substance undergoes an oxidation-reduction which gives azobenzene and aniline; gentle heating accelerates 
this process considerably; 


+ 
2| RNH — NH2|Cl > RN = NR-+ 2] RNHs| Cl. 


(2) 


Reactions (1) and (2) describe the formation of hydrazobenzene disporportionation products under the conditions 
interesting us. 


In addition, it is also possible thax hydrazobenzene hydrochloride reacts with HC]; 


+ 
| RNH — NHR | Cl -+ HCl + rearrangement products (8) 


and this would inevitably result in rearrangement products, However, with a very large reserve of excess hydrazo 
compound in the reaction mixture during almost the whole course of the process examined, considerable amounts 
of rearrangement products could be formed only at the very end, at the point when the hydrazo compound is ex- 
hausted., One can add as confirmation of the above the fact that according to experimental data, the rate of 
formation of hydrazobenzene monohydrochloride (1) was considerably greater than the rate of the subsequent 
rearrangement. In fact, according to our data (2), hydrazobenzene hydrochloride is obtained almost quantita- 
tively on gradually adding an ether solution of HCl to an equimolecular amount of hydrazobenzene in ether. 


If one takes into account the individual characteristics of other hydrazo compounds, one may consider 
that basically they are similar to those of hydrazobenzene (see Table 1). 


No. = ai 
ae HB 
4 
4 

3 5 39.7 | 95.4 
6 46.4 | 96.7 
61.3 | 96.5 
68.1 | 97.6 
a 9 94.8 | 96.1 
10 
mm | 96.5 
13 | 95.9 
4 | _ _ 
17 
18 
ve 19 95.2 
20 
= 
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TABLE 2 


Initial substance Obtained 


Duration of 
experiment 


hydrazo compound| acid 
(0.01 mole) (15 ml) 


Temperature 


rearrange- 
ment pro- 
Total of all 
substances, % 


ducts, % 


Hydrazobenzene | 98% Acetic | 18—20) 10 Days 


Ss 
= 


4,4-dichlorohy- | 359, Hydro- | 5—10/30 Min. 58.2 
drazobenzene chloric 
2,2-dimethylhy- | 98% Acetic |18—20| 10 Days 76.0 
drazobenzene 
4,4-dimethylhy- | 98% Acetic | 18—20) 1 Day 19.9 
drazobenzene 
2,2-dimethylhy- | 100%Butyric} 2—20| 1 Day 395.0 
drazobenzene 
4-ethoxyhydrazo= | 98% Acetic | 18—20} 1 Day Not deter. 
benzene 


*The substance was dissolved in 15 ml of benzene and shaken with acid. 


Similar results were obtained in the cases of 2,2°- and 3,3'-dimethylhydrazobenzenes (Experiments No. 

15 and 17, Table 1), The more acid sensitive 4,4'-dimethylhydrazobenzene (Experiment No. 19) and, especial- 
ly, 2,2'-dimethoxyhydrazobenzene broke down more rapidly. The latter compound was disproportionated re- 
latively quickly even in the absence of salts; with the addition of o-anisidine hydrochloride the reaction mix- 
ture partially resinified and dianisidine was formed in addition to the disproportionation products (Experiment 
No. 21). The behavior of dichlorohydrazobenzenes should be considered; the 2,2'-isomer, which reacts with 
acids with the greatest difficulty, remained almost unchanged (Experiment No. 9); on the contrary, 4,4'-dichlo- 
rohydrazobenzene, which under normal conditions is much less sensitive to acids than, for example, hydrazo- 
benzene, broke down almost completely (Experiment No. 13). Apparently, in the first case equilibrium [1] 

was very strongly displaced towards the left, so that there was practically no 2,2'-dichlorohydrazobenzene 
hydrochloride formed under the given conditions; in the second case 4,4'-dichlorohydrazo compound was broken 
down so completely due to the great rate of the oxidation-reduction conversion of the hydrazo compound hydro- 


chloride formed (see Equation (2)), which, apparently, is characteristic of all hydrazo compounds with substi - 
tuents in a position para to the hydrazo group. 


Disproportionation of hydrazo compounds is also catalyzed by weak acids, We tried treating hydrazo- 
benzene with benzoic [3] (Kqis at 25° = 6.5-1075), acetic [4] (Kgj, at 25° 1.845+1075) and butyric [5] (Kgjs 
at 1.55°1075) acids in 0.1 mole amounts with respect to hydrazobenzene. We should note that at normal 
temperatures hydrazobenzene in glacial acetic acid was fully converted only after several days; anhydrous 
butyric acid had a much slower action, As could be expected, the greatest degree of disproportionation oc- 
curred in the presence of benzoic acid ( 50.4%), then acetic (34%) and butyric (29%) acids. 


Undoubtedly in these cases the process also proceeded in two stages; the monoprotonized hydrazo com- 


pound formed did not have enough time for rearrangement under the effect of a weak acid and underwent an 
oxidation-reduction conversion, according to equation (2). 


In connection with the above, we would like to point out how great is the disproportionation of some 
hydrazo compounds during rearrangement, in particular that of those compounds with substituents in a position 
para to the hydrazo group, many of which react readily with weak acids (see Table 2). 4,4'-Dichlorohydrazo- 


benzene disproportionation was 34% even when concentrated hydrochloric acid was used (cf. [6]) and on dilu- 
tion it increased sharply. 


1 14.0 | 15.6 
95.3 
88.6 
4 88.0 
5 86.2 
6 
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EXPERIMENTAL 


Disproportion of hydrazo compounds on heating. The reagents (see Table 1) in a tube under nitrogen 
were placed in a glycerin bath heated to 111-112° and left in it for 60 minutes, after which the tube was quickly 
cooled and extracted with benzene, to which a little ether had been added. 


We then proceeded as follows, In the experiments with hydroazobenzene and the three isomeric hydrazo- 
toluenes, the benzene-ether solution was cooled with ice and vigorously shaken for several seconds with a large 
excess of a 1% solution of hydrochloric acid, which was also cooled. After separation from the benzene layer, 
the acid solution was made alkaline and boiled; the amount of aniline or toluidine distilled with steam 
was determined by the usual diazotization; these amines were identified qualitatively by conversion to the 
benzoyl derivatives. The first drops of nitrite gave the diazo solution a violet — red color, indicating the pre- 
sence of traces of o-semidine, volatile in steam, The benzene-ether solution was again cooled with ice and 
shaken vigorously for 10-15 minutes with 12-15% hydrochloric acid (5-8 ml), diluted with water to dissolve the 
precipitate formed and the total amount of rearrangement products determined by diazotization. The azo- 
compound remained in the benzene-ether solution; evaporation of the solvent showed that this material was 
almost pure. In the experiments with the three isomeric dichlorohydrazobenzenes, the corresponding dichloro- 
anilines were extracted with a 4-5% solution of hydrochloric acid; the rearrangement products were extracted 
with 30% hydrochloric acid. In the experiment with 2,2'-dichlorohydrazobenzene, the small amounts of azo 
compound formed were determined colorimetrically [7]. The greater parts of the azo compounds, which are 
difficultly soluble in organic solvents (4,4'-dichloroazobenzene, 2,2'-dimethoxyazobenzene and, partially, 
4,4'-dimethylazobenzene), were conveniently separated from the reaction mixtures directly; the crystals of 
azo compound separated were carefully washed with very dilute hydrochloric acid. In Experiment 21with 2,2°- 
dimethox yhydrazobenzene, the hydrazo compound was absent from the reaction products — instead of it, the 
amount of rearrangement products is given in Table 1. 
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INVESTIGATION OF THE EFFECT OF THE SOLVENT ON THE POSITION 
OF THE TAUTOMERIC EQUILIBRIUM IN T HE 
ARYLTHIOCARBAZONE SERIES 


P.S. Pel'kis and R. G. Dubenko 
(Presented by Academician B. A. Kazanskii, December 27, 1957) 


The effect of a solvent on the position of a tautomeric equilibrium is generally known. However, many 
theoretical questions on this phenomenon have remained unanswered up to the present day. In the last few 
years M. I. Kabachnik et al., have done much work in this direction [1-6]. 


These problems have been examined in a general way by A. N. Nesmeianov and M. I, Kabachnik [7-10]. 


M. I. Kabachnik [1] applied the modern theory of acid-base equilibrium developed by Bronsted [11] and 
N. A. Izmailov [12], to the calculation of tautomeric equilibrium. Kabachnik put forward a formula express- 
ing the relation between the constants of the tautomeric equilibrium in two solvents; S; and S». 


pKts, =pKts, + const. (1) 


If the values of pK-rg in the two solvents are plotted along coordinate axes, then the points on the graph 
for all the keto-enols must lie on a line with a slope equal to 1. Checking this showed that the equation put 
forward was correct for many keto-enols [10]. Recently, M. I. Kabachnik et al., [1] showed that the equation 
applied to tautomeric equilibria in the dialkylthiophosphate series [6]. It seemed interesting to test whether 
equation (1) would apply to tautomeric equilibria in the arylthiocarbazone series. 


One of us [13] showed that 1,5-diphenylthiocarbazone (dithizone) in solvents was a mixture of thione 
(a) and thiol (b) tautomers; 


= C.H;N = 
= 
=S SH. 
CsHsNHNH —- N 
a b 


The ratio of the thione and thiol forms in the tautomeric mixture depends on the nature of the solvent 
and the substituent in the aromatic nuclei of the thiocarbazone. It was shown that the short wavelength maxi- 
mum ( Amax1) Of the absorption spectrum curve at 450 mp belonged to the thiol form and the absorption maxi- 
mum at 620 mu (A max 2g) to the thione form a dithizone. Thus, the maximum in the short wavelength region 
on the absorption curves of substituted 1,5-diphenylthiocarbazones belong to the thiol forms and the maxima in 
the long wavelength region — to the thione forms. 


maxe _ 
Cye 


From the equation dy jax 1=1 and dy max g=1 it follows that the ratio 
and hence the tautomeric equilibrium constant 


| 


dy max, 


pKr = Ig 


where d) maxg 4nd d) max1 are the optical densities (extinctions), c is the concentration, €, and € are the 
molar extinction coefficients of thiol and thione, respectively, and J is the layer thickness, 


As the experimental data show, the tautomeric equilibrium “a of dithizone and its substituents in 
solvents is approximately equal to the ratio re The ratio cis practically independent of the solvent 
and is approximately equal to unity and, therefore, the value of the ‘ai term in Equation (2) may be neg- 
lected. 


TABLE 1 


Carbon 


tetrachloride Chloroform Hexane 


Benzene 
Thiocarbazone 


13.76/0.99 


In order to calculate the molar extinction coefficients, €;, we took as 100% for the thiol form of the 
thiocarbazone the absorption intensity at the maxima of the corresponding S-methyl derivatives of dithizone 


RN=N 
of the general formula posts » that we had synthesized [16]. € 2g was calculated by the 
RNHN 


dy max 2 


1 (a — a4) 
is the concentration of the thiol form in the sample (a). 


formula € 9 = , where a is the concentration of the appropriate thiocarbazone in mole/liter and ay 


Table 1 gives data on the determination of the tautomeric equilibrium constants of three thiocarbazones 


in various solvents. For the thiocarbazones investigated S , Table 2 gives the absorption 


RNHNH 


max 
maxima 4nd Amay the corresponding optical densities d) maxy. 4) max and their ratio 


dy max 1 
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A 
ED 
CHS ]12.0 |11.9 [1.0 | 12.2] 12.7/0.96) 8.6 | 8.6 [1.0 
CH; 
|1.03]20.8 [20.6 |1 .01] 28.8] 28.8)1.0 [13.56 
/ 
CHs 
\—/7 22.8 |23.2 0.98/24 .58]24 .74/0.99] 27.6] |10.8 |4.02 
|| 


TABLE 2 


Benzene Chloroform Hexane 


Kr Kt 


Sample No. 
Sample No. 


Note; a) above the line dmax," below the line d) max v b) above the line Amax, 
below the line d) 


Fig. 1. The relation between pKrg, and PKys, for five thio- 
carbazones, 1) 1,5-di-(phenyl)- -thiocarbazone; 2) 1,5-di- 
(o-tolyl)-thiocarbazone, 3) 1,5-di-(o-phenox yphenyl)-thio- 
carbazone, 4) 1,5-di-(o-methoxyphenyl)-thiocarbazone, 5) 
1,5-di-(2,4-dibromophenyl)-thiocarbazone. 1) S; = benzene, 
S2 = hexane; II) S, = carbon tetrachloride, S, = hexane; III) 
S; = carbon tetrachloride, S, = benzene; IV) S; = benzene, 

S, = chloroform. 


| 
S—] 450) 6204 75] 450 | 620 450 | 610 53) 450 | 620 
CHs 
2| 4270 | 630 56] 470 | 630 |, 450 | 620 |, | 450 | 630 |, 
pe 480 | 650 470 | 640 470 | 650 
1.0 |2.34 1.056| 2.4 0.54| 0.79 
we 486 | 65 440 | 630 
4} 486) 659 34) 470 | 640 45} 470 | 620 440 | 630 
Br 
( 0.678 | 0.55 0.536 | 0.745 1.23 |0.725 
PAs, 
$ 
$ 
$ 
PXis, 
b 
4 9 
4 
\ 
197K 
b : 
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As the data in Table 2 and Fig. show, the linear character of the relation and the 45° slope of the lines 
are maintained quite well. 


_ Therefore, we may consider that the equation, put forward by M. 1. Kabachnik, extending the rules of the 
acid-base protolytic equilibrium to cover tautomeric keto-enol equilibrium, is fully confirmed in the arylthio- 
carbazone series for thione-thiol tautomeric equilibrium. 


The arylthiocarbazones (preparations Nos, 1-4) were synthesized by the formazyl method according to the 
literature data [14, 15]. The absorption spectra of the thiocarbazones and their S-methyl derivatives were mea- 
sured in suitable solvents at a concentration of 6.6°107* mole/liter on an SF-4 spectrometer. 
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THE ACID-CATALYZED SYNTHESIS OF ESTERS AND OTHER DERIVATIVES 


OF CARBOXYLIC ACIDS FROM CARBON MONOXIDE, OLEFINS AND 
ACYLATING COMPOUNDS 


Ia. T. Eidus, K, V. Puzitskii and K. G. Riabova 
(Presented by Academician B. A. Kazanskii, January 27, 1958) 


The formation of carboxylic esters from carbon monoxide, olefins and alcohols has been studied very 
little. Up to now, these reactions, which proceed in the presence of acid catalysts, were carried out with all 
the starting components simultaneously in the reaction mixture and under very drastic conditions (high pres- 
sures and temperatures). Thus, mixtures of carbon monoxide, ethyl alcohol vapor and ethylene or propylene 
gave [1] low yields of ethyl propionate or butyrate at temperatures above 300° and pressures up to 700 atm in 
the presence of phosphoric acid on charcoal. A mixture of ethylene, propylene and CO at 110° and 500 atm 
in the presence of boron trifluoride hydrate gave [2] a 14% yield of ethyl a,a-dimethylbutyrate. Ethyl a- 
ethyl-a-methylbutyrate was formed [3] from CO and CjH, at 115° and 1000 atm with boron trifluoride hydrate 
as the catalyst. 


In this work we give the experimental data on a new method of synthesizing esters of carboxylic acids 
from CO, olefins and alcohols, which proceeds under very mild conditions for this type of reaction ( tempera - 
tures of 0-50° and pressures from atmospheric to 80 atm), We also examine the possibility of synthesizing 
other carboxylic acid derivatives under similar conditions. 


We synthesized the esters in two stages. At first only the olefins and CO were in the reaction mixture 
and they reacted with the catalyst (concentrated sulfuric acid) to form an intermediate complex, Then alco- 
hol was added and this reacted with the complex to form the carboxylic esters with the regeneration of the 
sulfuric acid. 


A theoretical consideration of the nature of the intermediate product, formed from CO, olefin and min- 
eral acid resulted in the following conclusions. . First, the complex has the character of an acylating agent 
as is shown by the formation of carboxylic esters when it is treated with an alcohol, Secondly , the complex 
is very similar in composition and structure and is possibly identical to a mixed anhydride of the sulfuric and 
the carboxylic acids [4] as is shown by the participation of sulfuric acid in its formation and the elimination 
of the acid when the complex is treated with alcohol. Finally, the formation of the complex involves the inter- 
mediate formation of carbonium ions. This is indicated by the isomeric conversions, which result in esters 
corresponding to skeletal isomers of the olefin in addition to those corresponding to the original olefin. 


All these conclusions, based on experimental facts, make it possible to represent the complex formation 
by the following reactions [5]: 


+ a co 
Ri = CRsRg RyR2HC CRsRq +0OS0O3;H 


— R,R,HC — RsRgC—CO + OSOsH RiRzHC — RsRgC— C — OSO3H 

I 
Il Il] 


The last stage — the reaction of the alcohol with the complex (in form II or III) — may be expressed by 
the reaction: 


II (or HX H,SO,4 + RiR2HC — RsRyC 
IV 


where x is the alkoxyl group. 
Isomeric conversions of the carbonium ions I or II should give esters, isomeric with ester IV. 


The acylating properties of the complex, resulting from the electrophilic nature of the carbonium ion 
Il or from the anhydride nature of form III, are of a general character. They should then appear in reaction 
with other compounds, HX, which contain active hydrogen. Therefore, equation (2) expresses a series of re- 
actions which give carboxylic acid derivatives, When X = H2N —, HNR-, R,N-, Cl-, Br—, RCOO— etc, equa- 
tion (2) represents the formation reactions of amides, acid halides, anhydrides etc, respectively. In the parti- 


cular case when X = HO-, this represents the synthessi of carboxylic acids carried out by Koch [6] under con- 
ditions analogous to those described above. 


In this paper we describe briefly the results obtained in investigating the formation of methyl esters of 
carboxylic acids (i.e., when X = CH,O-) from isobutylene and from liquid olefins. 


The reaction with isobutylene was carried out at 0° and atmospheric pressure in a cylindrical glass vessel 
containing 0.5 liters of 96% sulfuric acid. With vigorous stirring, 237 liters of a gas mixture with the compo- 
sition 1 i-C4Hg: 1CO was passed through the acid; 19.4 liters (16.6%) of CO and 118 liters (100%) of i-C,Hg 
were absorbed. After separation from the oily isobutylene polymer, the lower acid layer was treated with 0.7 
liters of methyl alcohol. Then the reaction mixture was diluted with 2 liters of water and we isolated 73 ml © 
of methyl esters of carboxylic acids with a boiling range 80.0-197.5°; the yield was 65.7 and 10.8% on the CO 
and the isobutylene used in the reaction, respectively. Fractionation on a column with an efficiency of 40 t.p. 


gave methyl esters of saturated monobasic carboxylic acids; Cs 21% and Cg 3%. 


For comparison, carboxylic acids were prepared from isobutylene and CO, under analogous conditions, 
using Koch's method [6] of treating the acidic complex with water and this gave a yield of 47.8 and 14.9% on 
the CO and isobutylene reacted, respectively. Treatment with diazomethane converted the acids to the methyl 


esters, which boiled in the range 88.5-220°. Fractionation on the same column gave esters of Cs (38%) and Cg 
( 4%) acids. 


For liquid olefins we used a fraction with b.p. 32-124°, the hydrocondensation product of CO and propylene 
(7), which had a2? 0.6775, n? 1.3902, bromine number 99.7 and 61.2 % olefin content, The reaction was carried 
out in a stainless steel autoclave, loaded with 0.5 liter of 96% sulfuric acid and up to 80 atm of CO, 215 ml of 
the above fraction was added over a period of 6 hours with vigorous stirring. 16.5 liters of CO were consumed, 
The reaction mixture contained paraffinic hydrocarbons in the upper layer, which were from the initial frac- 
tion, and the acid complex (see Equation (1)) and excess sulfuric acid were in the lower layer. 0.7 liter of 
methyl alcohol was added to the lower layer and the reaction mixture diluted with 2 liters of water. We sep- 
arated 101 ml of a mixture of carboxylic acid methyl esters with a boiling range 28-130° at 2 mm Hg; the 
yield was 63% on the initial olefin and 78% on the CO reacted. Fractionation on the above column gave methyl 
esters of saturated carboxylic acids:Cs 12%, Cg 28%, Cy 27% and Cg 6%. 
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ELECTRONOGRAPHIC INVESTIGATION OF THE POLYMORPHISM OF 
ZIRCONIUM DIOXIDE IN THIN FILMS 


I. I. Korobkov and D. V. Ignatov 


(Presented by Academician I, P. Bardin, January 21, 1958) 


A study of the polymorphism of zirconium dioxide in thin films has been carried out for the first time and 
was brought about, on one hand, by the contradictory results obtained by different investigators studying poly- 
morphism in massive samples of monoclinic ZrO,, and on the other hand, by the obscurity of the problem of the 
structure of the oxide film developing on zirconium by corrosion in oxidizing media. 


A detailed review of the four possible modifications (monoclinic, tetragonal, cubic, and rhombohedral) 
of ZrO2, with a description of their formation and range of occurrence, is given in the monograph by Lustman 
[1]. According to x-ray data presented in this review, the lattice of the monoclinic modification of ZrOg is 
a distorted cubic lattice of the CaF, type with parameters (in A); a = 5.174 b= 5.266; c = 5.30,; B = 80°48". 
This modification is stable up to 1000°. 


Above 1000° the tetragonal modification of ZrO, is stable; the parameters of its lattice (in A) are: 
a = 5.07 and c = 5.16. 


The cubic modification of ZrO, is secured at room temperature by chilling from 2000° in the presence of 
added MgO; it has a fluorite structure with the parameter a = 5.098 A. It is considered stable above 1900°. 


After prolonged heating of monoclinic zirconium dioxide at 1900°C, the rhombohedral form of ZrO, is 
produced. It is represented in the same way as a pseudohexagonal form with a = 3.598 A and c/a = 1.633. 


However, from a number of investigations [2-5] it appears that two forms of zirconium dioxide indisput- 
ably exist: the monoclinic and the tetragonal, which pass over reversibly from the one to the other at tempera- 
tures of 1000-1100°. Baked or fused monoclinic zirconium dioxide contaminated with hafnium dioxide (less 
than 2%) served as the starting material for the study of polymorphism in the work of the authors indicated. 
Domogala and Macpherson [6] studied the polymorphism of ZrO, by the x-ray method on samples of fused 
zirconium dioxide practically free of hafnium dioxide. Using heat treatment of the samples at temperatures 
of 900, 1210, 1745, and 2315° with subsequent chilling, these authors attempted to secure the possible modifi- 
cations of ZrO,. The authors note that in all cases only the unchanged monoclinic modification was found. 


On the surface of zirconium oxidized in different media (in oxygen, in air, or steam) under fixed con- 
ditions and at temperatures from 20 to 800° oxide films were found [1] that consisted of the oxide ZrO, with the 
structure of one of 3 modifications; monoclinic, tetragonal, or cubic. These data do not agree with the re- 
sults of the investigation of the above-mentioned authors [2-5], according to which only the monoclinic phase 
of ZrO, exists below 1000°. 


Methods, The investigation of the polymorphism of zirconium dioxide was carried out on samples in the 
form of thin films of zirconium (thickness 400-600 A) by an electronographic method. Use of a special appara- 
tus for heating the sample (up to 1100°) directly in the electronograph permitted observation of the structural 
transformations of the zirconium dioxide with relation to temperature and time of heating, without cooling the 
sample, 


This apparatus consisted of two strips of zirconium 0.2 mm thick, each having a hole 0.8 mm in diameter; © 
the sample was placed between the strips, opposite the hole. These strips were heated with direct current; 
the sample, which was in thermal equilibrium with the apparatus, was heated along with them. The bulb of 
a platinum-platinorhodium thermocouple was pressed tightly to the zirconium films by means of a pressure 
clamp. While the electronogram was exposed for 0.5 sec., the current was turned off, since the magnetic field 
created by it distorted the diffraction picture. From experiments on the heating and cooling of samples in the 
same electronograph, it was established that cooling from a high temperature to room temperature does not 
bring about a change in the structure of zirconium dioxide characteristic of each heating temperature; there - 
fore, electronograms were further obtained only from samples cooled to room temperature. Thin films of zir- 
conium prepared by vaporization and condensation in vacuo of doubly refined zirconium iodide of 99.9% purity 
served as the starting samples, NaCl crystals in the form of a film were used as a base on which the metal was 
condensed, To prepare thin layers of zirconium,a glass high-vacuum apparatus was made which permitted 
attaining a vacuum of ~10°? mm Hg; such a vacuum was obtained by using a zirconium gas absorber, 
A horizontal spiral 2 mm in diameter and 10 mm long of tungsten wire 0.2 mm in diameter served as the vapo- 
rizer, The spiral was previously tempered in a high vacuum. After this, a rod of zirconium 0.2 mm in diameter 
was placed inside the spiral. When a vacuum of 10°? mm Hg was reached, a current of 5-7 amp was passed 
through the spiral until the zirconium rod started to melt. 


When the zirconium melted, droplets were formed on several coils of the spiral, from which the zirconium 
vigorously vaporized. The thickness of the films was limited by the time of vaporization and the distance of 
the foundation from the vaporizer. 


The zirconium crystallized on the cold foundation in the metallic state, as indicated by the very diffuse 
diffraction lines in the electronograms (see electronogram in Fig. 1). Therefore we adopted the practice of 
heating the foundation to a temperature of 200-250°. The heater was made from a strip of zirconium foil 
0,05 mm thick, through which the current was pessed, 


The experiments showed that the vaporization of zirconium must be conducted with great care, with © 
particular attention to the vacuum in the system, since the zirconium on melting reacts actively with the re- 
sidual gas, and if the vacuum is not sufficient (1075 mm Hg), the films obtained are partially oxidized. There- 


fore it was necessary before vaporization carefully to degas the foundation, which we did by heating it to 600° 
for 1 hour, The admission of air into the system after obtaining the films was carried out over some period of 
time after disconnecting the pumps, which guaranteed gradual passivation of the zirconium film by the residual 
oxygen and protected it from deep-seated oxidation on admission of the air. 


The film was peeled from the NaCl foundation by gradual immersion in distilled water. The exfolia- 
ted film was then washed free of NaCl in several baths with distilled water. The pieces of zirconium film 
floating on the surface of the water were drawn out onto zirconium strips and onto platinum frames with a hole 
0.8 mm in diameter. Then these thin zirconium films were heated in pure oxygen at 270°, where, as had been 
established previously, appreciable oxidation of zirconium starts, i.e., at this temperature the lines of the metal 
in the electronograms disappear and the lines of the oxide appear. 


The electronographic studies were carried out in an electronograph of the construction of the Institute of 
Metallurgy of the Academy of Sciences USSR, Its dispersion capacity was 0.005 A per 0.2 mm for a diffrac- 
tion distance of 500 mm. 


A constant electronograph of 2\L was determined in each-case from electronograms of a standard sample, 
a thin film of aluminum. 


The samples were heated in air (in an ordinary electric muffle furnace), in oxygen, and in a vacuum (in 
a special apparatus and in the electronograph itself) at temperatures from 275 to 1300° with intervals of 25°. 
The temperature was determined with a thermocouple with an accuracy of + 10°. 


Results of the investigation are presented in the form of electronograms in Fig. 2 and in the correspond- 
ing tables of calculations (Tables 1 and 2). 


From the electronogram 2a, obtained from a thin layer of zirconium, and the corresponding Table 1, it 
is seen that the values of the interplanar distances of the crystal lattices of this layer correspond to a-zirconium, 
but in comparison with the x-ray data they are increased by 2-3%. The intensities of the lines agree with the 


a 
a 
ae 
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intensities determined from x-ray studies, The increase in the lattice distance, apparently, is connected with 
solution of oxygen in the zirconium film. The electronogram in Fig. 2a is characteristic of thin zirconium 
films obtained on preheated foundations. 


Analysis of the electronogram (Fig. 2b and 
Table 2) from a film of zirconium heated at 300° shows 
that this film was completely oxidized, and the dif- 
fraction picture corresponds to the cubic modification 
of zirconium oxide ZrO, (with the presence of one odd 
line d = 2.10 A). The value for the lattice distance of 
this modification was found to be a = 5.10 A, which 
agrees well with the value for this measurement deter- 
mined by the x-ray method [1]. The somewhat in- 
creased width of the diffraction lines in the electrono- 
grams of Figs. 2a and 2b indicate that both a-Zr and 
ZrOy in this instance were fine-grained. 


On heating from 300 to 600° the interference 

rings in the electronograms from the zirconium dio- 
Fig. 1. Electronogram of a thin layer of Zr con- xide film become more and more sharp and conform 
densed on a cold base (18°). with the cubic modification mentioned, and beginning 

with 650° a splitting of some rings is found (for example, 
the ring of plane (002)) for cubic ZrO,, which indicates the appearance in the layer of a new modification of 
ZrO,. Calculation of the electronogram from it shows that it has a tetragonal lattice, the interplanar distances 
of which, as seen from Table 2, agree with their x-ray values. The characteristic electronogram obtained at 
700°, in which the divided rings can be seen, is given in Fig. 2c. 


Fig. 2, Electronograms of a thin layer of zirconium heated 
at different temperatures in oxygen; a) 18°; b) 300°; c) 700°; 
d) 850°; e) 1000°. 
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TABLE 1 


Results of Calculation of Electronogram from Thin Layer of a-Zr, Obtained by Vapor- 
ization in Vacuo (107° mm Hg) 


Diameter |Intensity d/n d/n Diameter Intensity d/n 
of ring» of ring : x-ray of ring 


Ring No. 


21.3 
23.0 
24.4 
31.5 
34.0 
37 


1 
2 
3 
4 
5 
6 


*Notes; Here and in Table 2; s—strong, m — medium, w — weak, V.s. — very strong, etc. 


In this instance it is difficult to speak of the simultaneous existence of two forms of ZrO, — cubic and 
tetragonal — since their parameters are very close, but apparently the process of transition from the cubic to 
the tetragonal form goes by stages, as indicated by some electronograms obtained from the layer at 500° in 
which a splitting of the line from the planes with corresponding indexes is noted, In the temperature interval 
from 750 to 800°, along with the lines of the tetragonal modification of ZrO,,there appear in the electrono- 
grams the lines of the monoclinic modification of the oxide, which become more intense with an increase in 
the temperature of heating, while the lines of the tetragonal modification gradually disappear, and at 1100° 
purely the monoclinic modification of the oxide ZrO, is observed, the interplanar distances of which agree with 
the tabular data (see Fig. 2b and Table 2). This monoclinic modification of zirconium dioxide is maintained 
on heating up to 1300°. 


TABLE 2 


Interplanar Distances and Relative Intensities of Lines in Electronograms Obtained from 
ZrO, in Relation to Heating Temperature 


300° 700° 4000° 
Inten- dexpt., dy Inten- dy “Iayy Inten- d 
A 


sity of sity of sity of 
A A ri a A ring ring A 


Ww. 
m. 
m. 
VS, 
m. 
WwW. 
Ww. 
Ww. 
Ww. 
Ww. 
Ss. 
Ww. 
Ww. 
m. 
Ss. 


we 


OR 


De 


Orr 


AE 
meow! 


EE NNNWWH 
CHEN AES 


Tetragonal Tetragonal + Monoclinic 
monoclinic 


2.85 2.78 7} 40.95 w. 1.48 1.46 
oe m. 2.64 | 2.56 | 8] 43.4 Ww. 1.41 | 1.36 
2.49] 2.44 | 9] 44.3 | | 4.87 | 1.34 
oe Ww. 1.92 1.88 | 10] 48 V.W. 1.26 1.22 
V.W. 1.78 11} 57.8 1.05 1.038 
cos Ss. 1.64 1.61 12] 61.4 Ww. 0.99 0.97 
V.s. 
WwW. 
8. 
Ww. 
poly 
m. 
V.W. 
m. 
We 
m. 


Thus, by oxidation of a thin layer of zirconium at 270° the cubic modification of ZrO, is formed, which 
upon heating undergoes a polymorphous conversion of the monotropic type: the cubic lattice is stretched along 
one axis and becomes tetragonal; then with an increase in temperature of heating (700-1100°) it is distorted 
still more and converted to a monoclinic lattice. 


As is indicated above, the polymorphism was studied by heating a thin film of cubic ZrO, in a vacuum, 
oxygen, or air. In all these instances identical, regular transitions of the cubic modification to the tetragonal 
were found, and of the latter to the monoclinic, in the same temperature intervals. The results obtained there- 
fore permit the statement that the polymorphic conversions discovered are characteristic of zirconium dioxide 
and are not a consequence of the solution of oxygen in ZrO2,or of the attainment by the oxide ZrO, of an exact 
stoichiometric composition; in this instance the nitrogen of the air also does not play a part. In conclusion, it 
should be noted that our data and the results reported by Domogala and MacPherson permit consideration of 
monoclinic ZrO, as the stable form of zirconium oxide, which is the final conversion product of ZrO, in the 
temperature range 300-1300°, 
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REACTION OF TROPYLIUM SALTS WITH VINYL ETHERS AND WITH 
B -CHLOROMERCURIACETALDEHYDE 


Member-Correspondent of Acad. Sci. USSR D. N. Kursanov, M. E. Vol'pin, 
and I. S. Akhrem 


Characteristic of the stable aromatic cation cycloheptatrienylium (tropylium) is its ability to enter into 
reactions with nucleophilic reagents. Thus, according to the data of Doering and Knox [1], tropylium salts 
react readily with NH3, HaS, OH , amines, and organolithium and organomagnesium compounds. 


It might be expected that the electrophilic nature of the tropylium cation would be sufficient for it to 
react even with more weakly nucleophilic reagents — the vinyl ethers. 


Actually it appears that tropylium salts in aqueous or alcoholic solutions react vigorously even in the 
cold with the vinyl ethers, with the evolution of heat. 


The high reactivity of the vinyl ethers in this reaction is a result of the influence of the electron-donat- 
ing ether group 


CH,= cudr 


Compounds with isolated or conjugated double bonds, but without activating substituents (for example, methyl- 
cyclohexene, cycloheptatriene, etc.) or with electron-accepting substituents (cinnamic acid, acrylic acid, 
acrylonitrile, allyl chloride, etc.) do not react with tropylium salts under the same conditions, 


In all cases, regardless of the nature of the anion of the starting tropylium salt (bromide or perchlorate) 


and of the character of the alkyl group in the vinyl alkyl ethers (vinyl ethyl, vinyl isopropyl, vinyl butyl), one 
and the same product is obtained— cycloheptatrienylacetaldehyde (1); 


OR 
x7+ CH =culor 
H 


(where X = Br or ClO4; R = CaHg, iso-C3Hz or C4Hg; R* = H or CoHs). 


This reaction is similar to the addition of mercury salts to vinyl ethers, discovered by A. N. Nesmeianov 
and I, F, Lutsenko [2]: 


OH JOR 
? 2 
+ CH,=CHOR XHgCH win 


H,0 
XHgCH,CH=0 


By analogy with the latter reaction it might be thought that the mechanism of the reaction of tropylium salts 
with the vinyl ethers includes an attack by the C7H7* ion on the double bond of the vinyl ether with simul- 


taneous (or subsequent) reaction by a molecule of the solvent (water or alcohol), Probably an intermediate re- 
action product is the acetal or hemiacetal (II). 


On going from the vinyl ethers to vinyl acetate the rate of reaction with tropylium salts is markedly de- 
creased, a fact which apparently is connected with the partial drawing away of the electrons of the C = O group. 


H,CH=O 
+ CH,COOH 


Cycloheptatrienylacetaldehyde also was obtained by a counter synthesis — by the reaction of the tropylium 
salts (bromide and perchlorate) with 6 -chloromercuriacetaldehyde. 


CH;CH=0 
CIHgCH,CH=O0 + CliHgX 


As a result of the replacement of the mercury atom by the tropylium group, an aldehyde was produced 
that was identical with that obtained from the vinyl ethers. This reaction is the first example studied of the 
reaction of organomercury compounds with tropylium salts. 


It is essential to note that the reaction of tropylium salts with 6 -chloromercuriacetaldehyde proceeds 
like a C-alkylation. As has been shown by A. N. Nesmeianov and I. F. Lutsenko [3], in exactly the same way 
triphenylmethy] chloride reacts to yield triphenylmethylacetaldehyde; at the same time, the acyl halides O- 
acylate 6 -chloromercuriacetaldehyde. 


Cycloheptatrienylacetaldehyde gives characteristic aldehyde reactions, forming a 2,4-dinitrophenylhydra- 
zone and a dimedon derivative. The latter is especially suitable for identification of this aldehyde. The pre- 
sence of three double bonds in cycloheptatrienylacetaldehyde was demonstrated by its catalytic hydrogenation 
on platinum black; in this procedure 3 moles of Hg were added and cycloheptylacetaldehyde was formed. 


It is interesting to note that cycloheptatrienylacetaldehyde is also produced by the reaction of tropylium 
salts with acetaldehyde [4]. 


EXPERIMENTAL 


Reactions of tropylium salts with vinyl ethers. A solution of 1.7 g (0.01 mole) of tropylium bromide in 
10 mi of water was shaken for 15-20 minutes with 0.72 g (0.01 mole) of vinyl ethyl ether and was extracted 
with ether. The ether extracts were washed with water and dried over MgSO. The ether was distilled off under 
reduced pressure, and the residue was distilled in vacuo. A fraction was collected with b. p. 63-67°/2 mm; 
nf 1.5310. Yield 0.77 g (58%). After repeated distillation the b. p. of the cycloheptatrienylacetaldehyde was 
62°/2 mm, 1.5314, 1.0204, (loge 3.63); Aypin237mp (loge 3.43), MReaic = 40.17 (without 
taking into account the exaltation of the conjugated double bonds); MR¢oynq = 40.70. 


| ‘ 
+ K + CH 
4 
- 


Found %; C 80.79, 80.63; H 7.46, 7.48. CgHygO. Calculated %: C 80.56; H 7.51. 


Cycloheptatrienylacetaldehyde gave characteristic aldehyde reactions; it reduced Fehling's solution and 
ammoniacal silver nitrate solution; it gave a red color with sodium nitroprusside and with benzidine. The 
2,4-dinitrophenylhydrazone of cycloheptatrienylacetaldehyde was a yellow powder; it decomposed above’ 190° 
(from nitromethane). The dimedon derivative formed colorless needles, m. p. 146.5° (from alcohol). A mixed 
sample with dimedon melted at 127-128". 


Found %; C 75.90, 75.41; H 8.14, 8.13. CgsHggO4. Calculated %; C 75.72; H 8.13. 


Under the same conditions there was obtained from 7.8 g (0.041 mole) of tropylium perchlorate in 5 ml 


of water and 3 g (0.0416 mole) of vinyl ethyl ether 3.24 g of cycloheptatrienylacetaldehyde (yield 59%). Dime- 
don derivative: m. p. 146° 


Similarly there was obtained from 1.9 g (0.01 mole) of tropylium perchlorate and 0.86 g (0.01 mole) of 
isopropyl vinyl ether 0.59 g of cycloheptatrienylacetaldehyde, yield 44%, Dimedon derivative; m. p. 145-146°. 

From 1.7 g (0.01 mole) of tropylium bromide and 0.86 g (0.01 mole) of vinyl isopropyl ether there was 
obtained 0.75 g of cycloheptatrienylacetaldehyde (yield 56%). Dimedon derivative: m. p. 145°. 


From 3.42 g (0.02 mole) of tropylium bromide and 2 g (0.02 mole) of vinyl butyl there was obtained 1.58 g 
of cycloheptatrienylacetaldehyde (yield 59%). Dimedon derivative: m. p. 145-146". 


From 3.42 g (0.02 mole) of tropylium bromide and 1.72 g (0.02 mole) of vinyl acetate in water there was 
formed in a day 0.48 g of cycloheptatrienylacetaldehyde (yield 17%). Dimedon derivative: m. p. 146°. 


In all experiments with vinyl ethers the same aldehyde was formed; mixed samples of the dimedon deriva- 
tives from the various experiments gave no depression in melting point. 


Reaction of tropylium salts with 8 -chloromercuriacetaldehyde. 1.9 g (0.01 mole) of tropylium perchlorate 
and 2.79 (0.01 mole) of 8 -chloromercuriacetaldehyde were shaken in a mixture of 10 ml of benzene and 5 ml 
of water for 2 days. The precipitate was separated by filtration, and washed many times with benzene, The 
benzene extracts were dried over MgSO. The benzene was distilled off under reduced pressure at a temperature 
no higher than 30°. The residue was distilled in vacuo. 0.54 g of cycloheptatrienylacetaldehyde was obtained 
(yield 40%), b. p. 64-66° /2.5 mm, nfy 1.5314, The dimedon derivative (m. p. 146.5") gave no depression in 
melting point when mixed with the dimedon derivative of the aldehyde obtained from vinyl ethyl ether. Simi- 
larly, there was obtained from 1.71 g (0.01 mole) of tropylium bromide and 2.79 g (0.01 mole) of 6 -chloro- 
mercuriacetaldehyde in water-benzene mixture (1:1) 0.56 g of cycloheptatrienylacetaldehyde (yield 42%). 
The yield of cycloheptatrienylacetaldehyde was 50% when the same reaction was carried out with continuous 
agitation of the reaction mixture (water + CCl,) in a current of Ng and with periodic withdrawal of the alde- 
hyde from the reaction mixture. 


Hydrogenation of cycloheptatrienylacetaldehyde. 0.4097 g of cycloheptatrienylacetaldehyde was hydro- 
genated in alcohol over platinum black at 21.5° and 733.2 mm Hg. The hydrogenation was completed in 30 
minutes, 225 ml of Hy was absorbed, which corresponds to 94.5% calculated on the basis of 3 double bonds. 
The catalyst was filtered off, and the alcoholic solution was evaporated in vacuo, The cycloheptylacetalde- 
hyde that was produced was identified as the 2,4-dinitophenylhydrazone and the dimedon derivative. 


2,4-dinitrophenylhydrazone m. p, 98° (from alcohol), 

Found %: C 56.30, 56.80; H 6.25, 6.51. CysHagN4O4. Calculated %; C 56.24; H 6.29. 
Dimedon derivative: m. p. 170.5° (from alcohol). 

Found %; C 74.58, 74.45; H 9.43, 9.50. CosH3gO4. Calculated %; C 74,58; H 9.51. 
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NETWORK STRUCTURE OF VULCANIZATES OF 
CARBOXYL-CONTAINING POLYMERS 


I. Ia. Poddubnyi, E. G. Erenburg and E. I. Starovoitova 
(Presented by Academician V. A. Kargin, January 31, 1958) 


It is now well known that the basic physico-mechanical properties of rubbers depend essentially on the 
molecular structure of the starting polymer, At the same time it is certain that a no less important factor in 
determining these properties is the structure of the vulcanization network—its density, regularity, the stability 
of the vulcanization bonds, and the like. 


Of special interest from the point of view of the investigation of the structure of the vulcanization net- 
work are the rubbers prepared on the basis of caoutchoues, the macromolecules of which contain small amounts 
of functional groups, for example carboxyl groups [1]. 


The vulcanization of such carboxyl-containing polymers with oxides of metals leads to the production of 
highly stability in unadulterated mixtures with a large coefficient of elasticity, characterized, however, by a 
considerable fluidity [2]. But the latter is easily eliminated by the introduction into the mixture of the usual 
vulcanizing agents (thiuram, etc.). 


Thus, vulcanizates of carboxyl-containing rubbers, differing very little from the usual synthetic rubbers 
in the molecular structure of the starting polymer, have specific physico-mechanical properties connected, 
apparently, with peculiarities of the structure of their vulcanization network. 


An investigation of the structure of the vulcanization network of polymers of the type indicated was 
carried out by us by determining the equilibrium swelling of the vulcanizates in organic solvents, The use of 
this method was based on the statistical theory of three-dimensional polymers of Flory and Rehner [3], which 
relates the magnitude of equilibrium swelling Q to the average magnitude of the molecular weight of the 
section of the chain included between the neighboring connections of the network. 


According to this theory 


(1) 


where p is a thermodynamic constant characterizing the reaction in the given polymer-solvent system, Vg 


is the volumetric fraction of the polymer upon equilibrium swelling, equal to v» = sr (Q is the volume 


of the solvent absorbed by unit volume of the polymer). V, is the molar volume of the solvent, p is the den- 
sity of the polymer. (The value M,,, obviously, is inversely proportional to the number of cross bonds in the 
vulcanizate.) 


The method used by us when there were two types of bonds present — chemical bonds formed with thiuram 
and "salt" bonds formed by the carboxyl groups of the polymer with the metal oxides— permitted us not only 
to determine separately the number of vulcanization connections of both types, but also to reach definite con- 
clusions relative to the nature of the "salt" bonds. 
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With this objective, the magnitude of the equilibrium swelling was measured for each sample in pure 
benzene and in benzene with a small admixture (~1%) of glacial acetic acid. Addition of the acetic acid 


destroyed the "salt" bonds, as was shown by the complete solubility in this case of all the samples that were 
vulcanized only with metal oxides. 


TABLE 1 


Network Density of Vulcanizates Prepared in the Presence of Various Metal Oxides (vul- 
canization 240 min. at 143°) 


Amount 10-* [Amount of ;Amount of 
Expt. | Oxide of oxide, re- |bound 
No. % total |thiuram |“salt" tha | Proups; % 
uce 


Hardness of starting rubber 425 g, methacrylic acid content 1.5% 


MgO 5 14.7 44 
CaO 3 26.0 43 
CaO 5 20.0 38 | 


MgO 3 13.6 42 | 


ZnO 10 15.3 214 


Hardness of rubber 1825 g, methacrylic acid content 1.5% 


MgO 

MgO 5 
CaO 3 
CaO 5 
ZnO 10 


Hardness of rubber 900 g, methacrylic acid content 0.75% 


MgO 3 16.5 23 60 
MgO 22 65 
CaO 24 107 
CaO 24 38 


Thus, while the magnitude of the equilibrium swelling in the pure solvent corresponds to the total number 
of vulcanization bonds (n), the value of Q in solvent with acetic acid added characterizes the density of only 
the “thiuram" lattice (ny), and consequently the number of "salt" connections is equal to the difference n-ny. 


The indicated method was used to investigate the structure of a number of vulcanizates of divinylstyrene 
carbox yl-containing rubbers (with a methacrylic acid content of 0.75 and 1.5%), which were vulcanized in the 
presence of 2% of thiuram and various amounts of Mg, Ca, and Zn oxides, 


It was established that the density and structure of the network depends essentially on the nature of the 
oxide. Thus, the amount of "salt" bonds was greatest for the vulcanizates prepared in the presence of MgO and 
least with ZnO, when from 8 to 40% of the carboxyl groups* contained in the polymer participated, in all, in 
the formation of vulcanization bonds (see Table 1). 


The specific form of the swelling curves attracts attention. While for the samples prepared in the pre- 
sence of Zn oxide (see Fig. 1) the swelling curves reach saturation in ~5 hours (as is also the case for most of 
the usual vulcanizates), not less than a day is required for attainment of equilibrium with the magnesium and 
calcium samples in benzene (see Fig. 2), where after a period of rapid swelling a prolonged (about 15 hours), 
approximately linear increase in the volume of the samples is observed. This phenomenon was not observed 
on swelling of these same samples in benzene with added acetic acid. 


et should be noted that in vulcanizing with Mg and Ca oxides, 1% of Zn oxide was introduced in addition, 
which facilitated the formation of “thiuram" bonds, This circumstance did not introduce a substantial error 
into the calculation relating to the above-mentioned minimum activity of ZnO in forming “salt* bonds 
(Me 50,000 with 10% ZnO). 


oxyl 
4 20 44.5 29.0 
— 2 22 14.5 25.0 
3 65 14.0 9.0 
Gia 4 42 15.5 14.0 
53 28 -0 11.0 
i 6 9.6 25 16 24.5 37.0 
A 7 10.0 25 18 24.0 33.0 
Bree 8 16.5 24 75 28.0 8.0 
9 13.0 24 35 28.0 17.0 
a 10 10.2 14 40 43.5 15.0 
26.0 20.0 
Zz 12 27.0 18.0 
oe 13 25.0 10.0 
14 29.0 18.0 
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The circumstance mentioned permitted us to suggest that in the case of the samples vulcanized in the 
presence of MgO and CaO a gradual decrease occurs in the number of "salt" cross linkages, which are broken 


in the process of swelling. 


5 


500 min. 


Fig. 1. Swelling curves for samples vulcanized in 
the presence of 2% thiuram and 10% ZnO. 1) In 
benzene, 2) in benzene with added acetic acid. 


In the presence of such linkages the values of M, 
calculated from the maximum swelling values conform 
with the status of the dynamic equilibrium between 
breaking and newly forming bonds, which should change 
with a change in the temperature of the experiment. * 
Thus, the suggestion mentioned above could be verified 
by an investigation of the temperature relationship of 
swelling. The appropriate data are presented in Fig. 3, 
from which it follows that on raising the temperature 
of swelling to 65° the value of M, for the magnesium 
sample is considerably increased. Consequently, for 
carbox yl-containing polymers vulcanized with the help 
of magnesium oxide, certainly, the presence of the 
weak linkages mentioned is characteristic. A calcula- 


tion of the energy of the bond E, made for these vulcanizates according to the Arrhenius equation, leads to 
values of 1000-2000 cals/mole, i.e., to values of the order of intermolecular forces. 


It is characteristic that further increase in the temperature of the solvent — swelling in chlorobenzene 
and xylene at 125-130° — leads to complete solution of the above-mentioned vulcanizates, which under ordi- 


1000 rnin. 


Fig. 2. Sweliing curves for samples vulcanized in 
the presence of 2% thiuram and 5% MgO. 1) In 
benzene, 2) in benzene with added acetic acid. 


1000 2009 min. 


Fig. 3. Temperature relationship of swelling in 
benzene of a sample vulcanized in the presence 
of 10% MgO. 


nary conditions have high physico-mechanical charac- 
teristics. Note that the values of E given correspond to 
the bond energy in a strained swollen network, weaken- 
ed by the forces of reaction with the solvent and pres- 
sure on the network, The latter can be approximately 
evaluated by differentiating the expression for the elas- 
tic component of the entropy of swelling. 


The calculation leads to values of the order of 107° 
dyne per bond or 5 x 108 dynes/cm? when Qs10, i.e., 
to values of the order of a lesser bond stability resulting 
from dispersion forces. 


From what is stated above, it follows that vul- 
canization of carbox yl-containing polymers with metal 
oxides apparently has practically no relation to the 
formation of normal chemical bonds that correspond to 
the structure of neutral magnesium, calcium, and zinc 
salts of high molecular acids, 


The suggestion first proposed by V. A. Kargin 
appears more probable, that is, that the genesis of the 
"salt" network takes place as a result of the formation 
of compounds of the type of basic salts, which as a con- 
sequence of poor solubility in the polymer either form 
crystalline agglomerates or remain bound with the 
coarse particles of the oxides distributed in the polymer,’ 


In this case the stability of the vulcanization bonds 
should depend on the solubility of these salts in the poly- 
mer, and in particular should decrease with an increase 
in solubility. 


* An increase in the temperature of swelling in the case of a stable vulcanization network should lead to some 
decrease in the extent of swelling, as a result of a diminution in the molar volume in comformance with equa- 
tion (1). The value of p , close to 0.3, has little relation to the temperature. 


Having selected the oleates of magnesium, calcium, and zinc and isooctane, as compounds to serve as 
models of a high molecular salt-polymer system, we established that the solubility of these salts decreased 
considerably in the order Mg>Ca> Zn (from 10.8 to 0.7 weight %). This fact confirms the point of view stated 
regarding the nature of the cross linkages formed on vulcanization of carboxyl-containing polymers with metal 
oxides, with these linkages apparently playing the role of unique “active fillers." 
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DOUBLE CHLORIDES OF ELEMENTS OF THE CERIUM GROUP WITH 
TRIMETHYLAMINE CHLORIDE 


N.N. Sakharova and S. V. Zemskov 
(Presented by Academician I. 1. Cherniaev, January 24, 1958) 


In due time the double chlorides [1] and nitrites [2] of the rare-earth elements of the cerium group with 
appropriate tetraphenylphosphonium salts have been investigated [3-5]. Later Medoks [6] isolated double 
nitrates of lanthanum, cerium, praseodymium, and neodymium with triphenylbenzylphosphonium. 


The double salts of this group with the salts of organic bases mentioned were obtained from 96% ethyl 
alcohol; they were broken down by the action of water into the starting components; they had characteristic 
melting points and different solubilities in organic solvents and mixtures thereof. 


Continuing work started earlier on the investigation of the double salts of the rare-earth elements with 
the salts of organic bases, we included in our series of studies the chlorides of methylamine, dimethylamine, 
and trimethylamine, as more readily available materials, It seemed to us not without interest to ascertain 
how complex formation proceeds in the presence of water and in nonaqueous media for chlorides of the rare- 
earth elements with the corresponding salts of the amines mentioned, in relation to their degree of substitution. 


As starting materials for the preparation of the double chlorides of the rare-earth elements with tri- 
methylamine we used lanthanum chloride (containing less than 1.6% praseodymium chloride), cerium chloride 
prepared from the repeatedly recrystallized double ammonium nitrate of tetravalent cerium, and chemically 
pure preparations of the chjorides of praseodymium and neodymium. The trimethylamine chloride had its 
characteristic melting point of 271°. 


It was first established that the chlorides of lanthanum, cerium, praseodymium, and neodymium on com- 
bination with trimethylamine chloride in the presence of 96% ethyl alcohol yield several compounds, the forma- 
tion of which is dependent on the relative amounts of the materials entering into the reaction and the conditions 
of the crystallization. Thus, with a molecular ratio of the rare-earth chlorides (calculated as the anhydrous salts) 
to trimethylamine chloride of 1; 8, i.e., with an excess of the latter, compounds are obtained where there are 
four molecules of the amine to one atom of rare-earth metal. 


To prepare these compounds, the chlorides of lanthanum, cerium, praseodymium, and neodymium and 
trimethylamine, taken in the ratio mentioned above, were dissolved separately by heating slightly in the mini- 
mum amounts possible of ethyl alcohol (approximately 2 ml per gram of starting material), The clear solu- 
tions obtained of the rare-earth chlorides and trimethylamine were mixed together warm. As the excess solvent 
was removed in a vacuum desiccator over calcium chloride and paraffin in 1-2 days, beautiful, well-formed 
crystals separated from the solution as hexahedral plates, colorless in the case of lanthanum and cerium, and 
colored green and violet in the case of praseodymium and neodymium, The crystals, which deliquesced slightly 
in the air, were quickly separated from the mother liquor, washed several times with cold ethyl alcohol, and 
dried under vacuum bell-jar at 50° and 4-5 mm in the presence of calcium chloride and phosphorus pentoxide, 


The rare-earth metal content was determined in the dehydrated compounds by the oxalate method, with 
subsequent conversion of the oxalate to the corresponding oxides (with the exception of praseodymium, which 
does not give an oxide of exact chemical composition) of chlorine, nitrogen, carbon, and hydrogen, 


Double chloride of lanthanum with trimethylamine. Anhydrous salt, 


Found %; La 22.48. 22,50; Cl 39.20, 39.40; C 22.64; N 8.75, 9.03; H 6.70. LaCly + 4(CH,),N -HC1, 
Calculated %; La 22.08; Cl 39.60; C 22.96; N 8.93; H 6.43, 


Double chloride of cerium with timethylamine. Anhydrous salt. 


Found %; Ce 22.32, 22,51; Cl 39.21, 39.30; N 8.68, 8.99; C 22.81, 23.12; H 6.74, 6.95. CeCl, -4- 
(CHs)3N *HCl. Calculated %; Ce 22.27; Cl 39.50; N 8.91; C 22.92; H 6.40. 


Double chloride of praseodymium with timethylamine. Anhydrous salt. 


Found %: Cl 39.48, 39.80; C 22.98; N 8.57, 8.89; H 6.80. PrCl, Calculated %; 
Cl 39.43; C 22.89; N 8.90; H 6.40. 


Double chloride of neodymium with timethylamine. Anhydrous salt. 


Found %; Nd 22.86, 22.59; Cl 39.63, 39.58; N 8.99, 9.33; C 23.04; H 6.99. NdCl, + 4(CHs),N -HCl. 
Calculated %: Nd 22.80; Cl 39.22; N 8.85; C 22.80; H 6.71. 


The melting point of the double chlorides of the rare-earth elements with trimethylamine proved to be 
287° for the lanthanum salt and 289, 295, and 296° for the corresponding compounds of cerium, praseodymium, 
and neodymium. Double recrystallization of the double chlorides obtained, with the exception of the lanthanum 
salt, did not result in any change in the melting point. The double chloride of lanthanum, synthesized from a 
preparation containing less than 1.6% of praseodymium chloride, acquired a stable melting point only after three 
recrystallizations from 96% ethyl alcohol, The yields of the double chlorides obtained varied within the limits 
80 to 90%. 


The double chlorides of lanthanum, cerium, praseodymium, and neodymium with trimethylamine were 
readily soluble only in water and methyl alcohol, poorly soluble in ethyl alcohol, and the solubility in this 
last solvent decreased regularly with the increase in melting point from the lanthanum salt to the neodymium 
salt; they were not soluble in ether, acetone, benzene, toluene, xylene, dichloroethane, chloroform, quinoline, 
pyridine, bromobenzene, or isobutyl or isoamyl alcohols, 


Thus, as a result of the work carried out we obtained double chlorides of rare-earth elements with tri- 
methylamine in the presence of 96% of ethyl alcohol, corresponding to the general formula MeCl, * 4(CHy),N - 
*HCl, where Me is La, Ce, Pr and Nd; the properties of these compounds have been studied sacks their as cttel 
in water and organic solvents has been determined. 


The investigation of similar double salts of rare-earth elements of the cerium group with salts of ali- 
phatic and aromatic amines in the presence of water and nonaqueous media is being continued by us. 
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SYNTHESIS OF HIGH MOLECULAR WEIGHT HYDROCARBONS OF 
COMPOUND STRUCTURE 


S. R. Sergienko, L. N. Kvitkovskii, A. L. Tsedilina, and Al. A. Petrov 
(Presented by Academician B. A. Arbuzov, January 4, 1958) 


Systematic studies on the synthesis of individual hydrocarbons and the investigation of their properties 
and reactions lie at the basis of recently developed new and very effective methods of analysis of hydrocarbon 


mixtures. Among such new methods are, first of all,the spectral methods (Taman spectra, infrared, and ultra- 
violet spectroscopy). 


At the present time the most essential problem is the investigation of the composition, structure, and pro- 
perties of the highest molecular weight fraction of petroleum, which, as a rule, comprises more than half of 
the crude petroleum, The method of separation of the individual compounds, which has been used successfully 
in the investigation of the light and medium fractions of petroleums, although it can be used.in isolated cases 
for the solution of exceptional problems, is difficult and not very efficient for the study of the composition and 
properties of complex mixtures of the high molecular weight compounds of petroleum. 


In this case we may expect the most success from the use of the principles on which physico-chemical 
analysis is based, i.e., the establishment of quantitative relationships of the basic physical properties of the 
whole complex system to its chemical composition. But the successful use of this principle requires that the 
relationship of the properties to the composition of the system be determined simultaneously both in the natural 
complex system of unknown structure and in artificial mixtures made up from the individual compounds, i.e., 
in mixtures that serve as a known standard for the natural systems under investigation. Precisely this principle 


is the basis of the numerous modifications of the method for the structural group composition of the oily frac- 
tions of petroleum. 


The molecules of the high molecular weight compounds of petroleum (Cy 9and higher), as investigations in re- 
cent years have shown, have predominantly a complex (hybrid) structure, In other words, structural members 
of various homologous series (paraffins, cycloparaffins, benzene, naphthalene, etc.) participate to greater or 
lesser degree in the construction of the molecule. The proportion of structural elements of aliphatic and aro- 
matic nature varies within wide limits, depending on the chemical nature of the petroleum. In this connec- 
tion it was decided to synthesize a series of hydrocarbons of the composition C24—C39, which had not been 


described in the literature, with a different proportion of the carbon atoms in the structural members of the 
molecule. 


The hydrocarbons that have now been prepared and also their properties are given in Table 1, 


We are planning further both the synthesis of new structures and a more detailed study of the properties 
of the hydrocarbons synthesized, including the viscosity-temperature characteristics, adsorption properties, 
ultraviolet and infrared spectra, etc. There is no doubt that a detailed study of the properties and reactions 
of these compounds will contribute to the more rapid investigation of the composition and structure of the high 
molecular weight compounds of petroleum. 


In conclusion,let us dwell briefly on several details of the synthesis of the hydrocarbons. The tertiary 
alcohols, prepared by the Grignard method, were dehydrated in vacuo over pure aluminum oxide at 280-320° 
and 1 mm residual pressure. Hydrogenation of the products was carried out in an autoclave in the presence of 
Raney nickel, Hydrogenation conditions; double bond 50-70°; benzene ring 150°; naphthalene ring in decalin 
150°, in tetralin 100°; pressure in all cases 100-150 atm. 
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TABLE 1 


Expt. 


Hydrocarbon 


0 


Method of preparation 


1,1-diphenyldodecane 


1,1-dicyclohex yldo- 
decane 
2,11-diphenyldodecane 


2,11-dicyclohexyldo- 
decane 

1,5-diphenyl-3-heptyl- 
pentane 

1,5-dicyclohex yl-3- 
heptylpentane 

1-phenyl-1-cyclohexyl- 
dodecane 


1,1 -bis(a-dinaphthyl) 
dodecane 

1,1-bis( a-decahydro- 
naphthyl)dodecane 

1,1-bis(a-tetrahydro- 
naphthyl)dodecane 

1-(a-naphthyl)-1~-(B - 
decahydronaphthyl)- 
dodecane 

1,3-bis(a-naphthyl)-2- 
nonylpropane 

1,3~bis(a-decahydro- 
naphthyl)-2-nonyl- 
propane 

2,11-bis( a-naphthyl)- 
dodecane 


15 |2,1 1-bis( a-decahydro- 
naphthyl )dodecane 


256 


1.5135 


0.9248 [From phenylmagnesium bromide 
and ethyl! laurate 

0.8758 bce of hydrocarbon 

oO. 

0.9244 From 1,10-diphenyldecanedione- 

1,10 and methylmagnesium 

‘iodide. Ketone synthesized from 

sebacic acid di tile and phenyl- 

magnesium bromide. 


0.8759 of hydrocarbon 
No. 


0.9233 From the com- 
pound of the bromide of phenyl- 
ethyl alcohol and ethyl caprylate 
0.8691 of hydrocarbon 
0.8960 From laurophenone and cyclchexyl- 
magnesium bromide. Ketone syn- 
thesized from phenylmagnesium 
' bromide and lauronitile. 
1.0130 From naphthyimagnesium bromide 
and ethyl laurate 
0.9537 jHydrogenation of hydrocarbon 


0. 
0.9796 |Hydrogenation of hydrocarbon 
No. 8 

0.9662 |From lauronaphthone and decalin- 
magnesium bromide. Ketone was 
simultaneously with 

ydrocarbon No. 8 
1.0044 \From methylnaphthylmagnesium 


chloride and ethyl caprate 
0.9263 of hydrocarbon 


1.0193 |From 1,10-dinaphthyldecanedione- 

1,10 and methylmagnesium iodide. 

acid dinitrile and napht 

nesium bromide. 

0.9484 |H of hydrocarbon 
oO. 


* Boiling points obtained at the following pressures; for hydrocarbons No, 1-7 at 4mm 
Hg, for hydrocarbons No, 8-15 at 0.6 mm Hg. 


The hydrocarbons prepared of the composition C24 were distilled on a special cap vacuum column with 
an efficiency of 16 theor. plates. The hydrocarbons of the composition C32 were purified by molecular dis- 
tillation at a pressure of 1 -10°5 and a temperature of 170°. 


It also should be noted that most of the compounds synthesized by us solidified asa glass on cooling at 
a temperature from —20 to —30° (hydrocarbons of the composition C24). However, 1,1-dicyclohexyldodecane, 
after standing for a half year, unexpectedly crystallized atroom temperature (m. p.+27°), It is impossible to 
exclude the possibility of the crystallization of other hydrocarbons also, which compels us to approach care~ 
fully the appraisal of the vitrification of these and other structures. This problem will defined by us further. 
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1 | 208 | 1.5241 
2 204 |4.4803 
3 200 | 1.5212 
4 196 | 1.4802 
5 210 | 1.5206 
6 208 | 1.4776 
7 206 | 1.4980 
8 254 | 1.5989 
9 Zoe 
10 243 | 1.5480 
14 252 | 1.5500 
erg 12 248 |1.5780 
13 244 1.501 
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COLOR PHENOMENA IN DIACYL DERIVATIVES OF p-AMINOPHENOL 


E. A. Smirnov 


(Presented by Academician B. A. Kazanskii, January 22, 1958) 


In previous communications [1] we have shown that when two different electron donor systems* (AK and 
A'K) are present in a compound simultaneously with an electronophilic system* * (BK) that is not connected 
with the former by a chain of conjugated double bonds, this compound may sometimes be obtained in two dif- 
ferently colored forms. The existence of the latter is explained by the fact that direct reaction of the electro~- 
philic and the electron donor systems with the aid of extramolecular forces [2], which is a basic factor deter- 
mining the coloration of “compounds with separate chromophoric systems,"* ** in this case can be brought 


about in two ways; either the electrophilic system reacts with the electron donor system AK or with the sys- 
tem A'K. 


In the present communication, compounds are considered with structures of types I and II. In these com- 
pounds the electrophilic system (BK) 4s the acyl group of 4-nitrobenzoic or 3,5-dinitrobenzoic acid (RCO), 
the electron donor system AK is the p-aminophenol molecule (diacylated), and the electron donor system A'K 
is the acyl group of trimethylgallic acid (R'CO). 


From Table 1 it can be seen that almost all the diacyl derivatives of p-aminophenol (with the exception 
of No. 2) that contain the system A'K form two colored forms; a weakly colored, pale yellow form (a) and a 
more deeply colored yellow form (b). The two forms can be converted into one another by crystallization from 
different solvents (see experimental section), whereupon this conversion sometimes takes place very obviously. 
Thus, for example, the pale yellow form of compound No, 4 isolated from acetone becomes noticeably yellower 
even when simply treated with alcohol; the pale yellow form of compound No. 6 starts to turn yellow even in 
the acetone mother liquor. In compounds that do not contain the electron donor system A'‘K it was not possible 
in even one ‘instance to obtain two differently colored forms, From this it can be concluded that the possibility 
of the existence of the compounds under consideration as more deeply colored forms is connected with the pre- 
sence in them of the system A'K. This system contains three OCHs groups, the electron donor effect of which 
is weakened by the presence in it of the CO group. But since the electrophilic effect of the latter is to a con- 
siderable degree suppressed by the addition to it of an NH- or OH-group, its influence on the electron donor 
system A"K should be small, It therefore may be considered that the system A‘K is a more strongly electron- 
donating system than AK, because in the latter the donor properties of both the amino and the hydroxyl group 
*The electron donor system is a conjugated chain of double bonds with the addition of an electron donor group 
(NHg, OH, etc.). 
**A conjugated chain of double bonds with the addition of an electrophilic group (CO, NOg, etc.). 
***In other words, compounds in which the electrophilic and electron donor system are not connected together 
by conjugated double bonds. 


AK AK. 
BK AK BK 
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are to a considerable deg:ee suppressed by the CO groups added to them, Further it is necessary to keep in mind 
that the system A'K is no. conjugated with the system BK, and therefore the reaction of these systems, which 
provides the conditions fo: the deeper coloration of form (b), can be brought about only with the aid of extra- 
molecular forces. 


The presence of color, although weaker, in compounds having only one electron donor system AK,in-~ 
dicates that the system BK can react with the system AK. In compounds of type I a similar possibility is so 
much the more likely because here this reaction can be brought about not only with the aid of extramolecular 
forces, but in some measure also through the chain of conjugated double bonds that is formed as a result of 
the tautomerism of the CONH group [3]. The similarity of the color of the compounds that have one electron 
donor system (AK) to the color of the compounds that have both electron donor systems,furnishes a basis for 
considering that the color of the weakly colored form of the latter is also a result of the reaction between the 
systems BK and AK, with a disruption of the reaction between BK and A'K, 


It is further interesting to note that in almost all instances the weakly colored forms of the compounds 
that contain the acyl group of benzoic acid are colored somewhat more deeply than the corresponding com- 
pounds containing the acyl group of trimethylgallic acid, as is especially noticeable in compounds of type II. 


Comparison of the color of compounds of type I and II shows that the latter, as a rule, are colored 
somewhat more deeply than the former, The explanation of this can be found if we proceed from an analysis 
of the relative "strength" of the reacting systems in the two cases, System BK is stronger in compounds of 
type I because the OH group weakens the electrophilic properties of the CO group to a lesser degree than 
does the amino group. For the same reason the system A‘'K also appears to be stronger in compounds of type 
Il, The systems AK of compounds of type I and II do not differ significantly in strength, 


EXPERIMENTAL 


N-(4-Nitrobenzoyl)-0-benzoyl-p-aminophenol (Table 1, No. 1). A mixture of N-(4-nitrobenzoyl)-p- 
aminophenol [4] (1 mole) and benzoyl chloride (4 moles) dissolved in nitrobenzene was heated for a half- 
hour almost to boiling. The reaction product was recrystallized from pyridine. Greenish, lamellar crystals 
with m. p. 276-277°, difficultly soluble in the usual organic solvents, comparatively easily soluble in pyri- 
dine were produced. 


Found %; N 7.77. CooHys5Np. Calculated % N 7.76. 


N-(4-Nitrobenzoyl)-0-(3,4,5-trimethox ybenzoyl)-p-aminophenol (Table 1, No. 2). 


It was prepared as the preceding compound. It was recrystallized from pyridine and then from a 
mixture of pyridine and methanol (1:1). Slightly greenish crystals with m. p. 246-247", rather soluble in 
pytidine, more difficultly soluble in acetone and dichloroethane, difficultly soluble in alcohol, were produced. 


Found %; N 6.15. CosHag(gNg. Calculated %; N 6.20. 


N~-(3,5-Dinitrobenzoyl)-0-benzoyl-p-aminophenol (Table 1, No. 3), It was prepared from N-(3,5-di- 
nitrobenzoyl)-p-aminophenol [5] and benzoyl chloride by the Schotten-Baumann reaction, It was recrystal- 
lized from acetone and then from alcohol. Long, narrow plates of a pale yellow color with m. p. 226-226.5° 
rather easily soluble in ace.one, more difficultly soluble in alcohol and benzene, were produced. 


Found %; N 10.43. CgoHy,07N3. Calculated %; N 10,32, 


N-(3,5-Dinitrobenzoyl)-0-(3,4,5,-trimethox ybenzoyl)-p-aminophenol (Table 1, No. 4). This and the 
following preparations were obtained in a manner similar to the preceding ones. It was recrystallized twice 
from acetone, as pale yellow prismatic crystals with m.p. 218-219°. On treatment with alcohol the material 
turned yellow and it separated from alcohol solution as a bright yellow form with the same melting point. 

A very yellow form was separated from dichloroethane as rhombic crystals, On recrystallization from ace- 
tone or toluene, the yellow form again was converted to the pale yellow. The latter turned yellow on storage. 
Both forms were readily soluble in acetone and dichloroethane, rather readily in toluene, more difficultly 

in alcohol, 
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Form (a) Found %: N 8.48. CggHygOigNs. Calculated %; N 8.45. 
Form (b) Found %; N 8.37. CosHygOigN3. Calculated %: N 8.45. 
N-Benzoyl-0-(4-nitrobenzoyl)-p-aminophenol (Table 1, No. 5). Starting materials; N-benzoyl-p-amino- 


phenol and p-nitrobenzoyl chloride, Recrystallized twice from pyridine as greenish-yellow crystals with m. p. 
285-286", difficultly soluble in the usual organic solvents, comparatively easily in pyridine. 


Found %; N 7.75. Calculated N 7.76. 


TABLE 1 
Color of Diacyl Derivatives of p-Aminophenol 


Color of material in 
crystals 


Formula of compound 
form (a) | form (b) 


/ 
greenish 


pale 
yellow 


greenish 
yellow 


yalow 


greenish 
yellow 


yellow 


N-(3,4,5-Trimethox ybenzoyl)-0-(4-nitrobenzoyl)-p-aminophenol (Table 1, No. 6), Starting materials: 
N-trimetholybenzoyl -p-aminophenol and p-nitrobenzoyl chloride, Recrystallized from acetone and then from 
alcohol as bright yellow crystals with m. p. 218.5-219.5°. From dichloroethane, and even better from a mixture 
of dichloroethane and benzene, a pale yellow form separated as fine, fibrous crystals with the same melting point. 


Form (a} Found %; N 6.28. Cog3HagOgNg. Calculated %; N 6.20. 
Form (b) Found %; N 6.34. CosHggOgNa. Calculated %: N 6.20, 


{ ~ 
OCHs 
: 
NOCHs 
ON. 
ON OCH 
4 » yenow 
NOcHs 
6 OCH | yellow 
NOcHs 
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N-Benzoyl-0-(3,5-dinitrobenzoyl)-p-aminophenol (Table 1, No. 7). Starting materials: N-benzoyl-p- 
aminophenol and 3,5-dinitrobenzoyl chloride, The product was recrystallized from acetone as greenish-yellow 


tablets with m. p, 222-223", readily soluble in pyridine, rather readily in acetone, more difficultly in dichloro- 
ethane and toluene, difficultly in alcohol. 


Found %; N 10.39. CoggHysO7Ns. Calculated %; N 10.32.. 


N-(3,4,5-Trimethox ybenzoyl)-0-(3 ,5-dinitrobenzoyl)-p-aminophenol (Table 1, No. 8). Starting materials; 
N-trimethox ybenzoyl-p -aminophenol and 3,5-dinitrobenzoyl chloride, Part of the product was recrystallized 
from acetone, another part from alcohol and then from dichloroethane. From acetone a yellow form separated 
with m. p, 211-211.5°; from dichloroethane a pale yellow form separated as silky crystals with the same melt- 
ing point. Upon crystallization from dichloroethane it was necessary to seed appropriately (with the pale yellow 
form); otherwise a mixture of both forms separated, or sometimes the yellow one. The latter was obtained 


well from acetic acid. Both forms were rather easily soluble in dichloroethane and acetone, more difficultly 
in toluene and alcohol, 


Form (a) Found %; N 8.53. CogHygQigN3. Calculated %: N 8.45. 


Form (b) Found %; N 8.47. CosHygOi9N3. Calculated %; N 8.45. 


N-(3,4,5-Trimethox ybenzoyl)-p-aminophenol, It was prepared similarly to the nitrobenzoyl derivative 
of p-aminophenol [5]. Recrystallized twice from dilute alcohol asrhombic crystals with m. p. 231,5-232.5°, 
readily soluble in acetone, alcohol, and benzene, considerably more difficultly in water. 


Found %; N 4.79. CygHy7O,;N. Calculated % N 4.62. 
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ISOMERIZATION OF y -OXIDES (TETRAHYDROFURANS) TO ALIPHATIC 
CARBONYL COMPOUNDS 


Member-Correspondent of Acad. Sci. USSR N. 1. Shuikin and I, F. Bel'skii 


Various chemical transformations of alkylene oxides are connected with the easy opening of an a-oxide 
ring under the influence of different agents. Among the thoroughly studied reactions of the a-oxide series is 
their {somerization to aliphatic carbonyl compounds, This reaction occurs upon heating up to 300-500° or at 


lower temperatures in the presence of catalysts (aluminum oxide, phosphoric acid, metal phosphates, silicates, 
etc.). 


Unsymmetrical a-oxides that have one or two alkyl substituents on one carbon atom of the ring (propy- 
lene oxide, isobutylene oxide) are isomerized with opening of the ring predominantly at the bond connecting 
the oxygen atom with that carbon atom on which the substituent is, resulting in the formation of aldehydes 


CH,—CH—R RCH,C 
H 


Up to now a similar isomerization has not been known in the y -oxide series (tetrahydrofurans), The 
catalysts that are most active in the isomerization of a-oxides lead in the case of tetrahydrofuran and its 
homologs to dehydration with the formation of dienes and aromatic hydrocarbons. Thus, for example, it has 
been shown that tetrahydrosylvan,in contact with Al,O;, TiO, +Al,0,, aluminum phosphate, or a mixture of 
phosphoric and boric acids, undergoes dehydration in the vapor phase to pentadiene [2-5]. The behavior of 
tetrahydrofuran and some of its derivatives (tetrahydrosilvan, tetrahydrofuryl alcohol) has been investigated 
under conditions of catalytic hydrogenation for the purpose of explaining the mechanism of hydrogenolysis 
of the furan ring. It was found that on a platinum catalyst in the liquid phase tetrahydrofuran and tetrahydro- 
furyl alcohol do not undergo any change [6]. 


We have investigated the conversions of tetrahydrofuran and its a-substituted homologs on platinized 
carbon in the vapor phase at 230-250° and found that under these conditions the tetrahydrofuran and its homo- 
logs are isomerized with opening of the ring at the C—O bonds to aliphatic carbonyl compounds. 


The isomerization of a-alkyltetrahydrofurans with opening of the ring should lead in general to the forma- 
tion of an aldehyde or ketone depending on which of the two C—O bonds undergoes cleavage: 


Rupture of 1-2 bond (e) 
P R—CH,CH,CH,CZ 
H 


4 3 
—< of 1-5 bond 


9 2CH,CH, 


The sole isomerization product of tetrahydrofuran should be n-butylraldehyde, However, under the con- 
ditions of carrying out the isomerization, neither tetrahydrofuran itself nor its a-substituted homologs gave 


[1]: 
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practically appreciable amounts of aldehydes, Tetrahydrofuran on platinized carbon at 250° yielded a mixture 
of carbon monoxide and propane; from tetrahydrosilvan, a-ethyl- and a-propyltetrahydrofuran the correspond- 
ing ketones were obtained under these conditions as the principal products, and also a considerably smaller 
amount of carbon monoxide and n=butane, n-pentane, and n-hexane. The formation from tetrahydrofurans of 


carbon monoxide and paraffinic hydrocarbons is a result of a secondary decarbonylation of the aldehydes that 
are obtained from isomerization; 


R — CIl,CH,CH,C ——~ R--CH,CH,CHs + CO. 


Actually, the aldehydes are very easily decarbonylated on platinized carbon in the vapor phase to the 
corresponding hydrocarbons, Thus, we found that when heptanol-1 was passed over Pt-C at 250° in the absence 
of hydrogen, n-hexane and carbon monoxide were formed instead of the aldehyde. Under the same conditions 
benzaldehyde and benzyl alcohol are converted to benzene. 


Thus, the relative amounts of ketones and alkanes produced in the conversions of a-alkyltetrahydrofurans 
show to what degree splitting of the 1-5 and the 1-2 C—O bonds respectively occurs upon isomerization of the 
y ~oxide ring. As a result of the experiments carried out,it was found that the a-alkyltetrahydrofurans that 
have in the side chain a methyl, ethyl, or propyl group are isomerized on Pt-C chiefly to aliphatic ketones in 
90-95%. yield calculated on the a-alkyltetrahydrofuran transformed; the isomerization of the y -oxide to the 
aldehyde with opening of the ring at the 1-2 C—O bond, next to the alkyl radical, occurs to an insignificant 
degree (5-10%). 


The isomerization of alkyltetrahydrofurans to aliphatic carbonyl compounds is irreversible, since it is 
possible completely to convert the starting y -oxide to the corresponding ketone and hydrocarbon. Thus, after 
twice passing tetrahydrosilvan over Pt—C at 250° with a volume velocity of 0.1 hour™ the liquid catalyzate 
contained a mixture of approximately equal amounts of pentanone-2 and unconverted tetrahydrosilvan; a-ethyl- 
tetrahydrofuran passed over the same catalyst with the same volume velocity, but four times consecutively, 
yielded 95% of hexanone-3 and only about 5% of n-pentane. If the isomerization of the y -oxides is carried 
out in a current of hydrogen, also over platinized carbon, a secondary hydrogenation of the carbonyl compounds 
formed, to the corresponding alcohols,takes place. Thus, when tetrahydrofuran mixed with hydrogen is passed 
over Pt—C at 240°, a liquid catalyzate is obtained which contains, along with unchanged tetrahydrofuran, about 
20% of n-butyl alcohol, while under these same conditions but in the absence of hydrogen, tetrahydrofuran pro- 
duces only a mixture of gaseous products — propane and carbon monoxide. This conversion can be expressed by 


the following scheme: 
CH,CH,CH, + CO 
CH,CH,CH,C 
CH,CH,CH,CH,OH 


a-Prop yltetrahydrofuran passed in a current of hydrogen over Pt-C at 235-240° with a volume velocity 
of 0.1 hour™ yielded a mixture of heptanone-4 and heptanol-4 with yields of 78 and 18% respectively, calculated 
on the o-propyltetrahydrofuran converted, and a little n-hexane. 


For purposes of comparison we carried out the isomerization of propylene oxide under the same conditions 
as the isomerization of the alkyltetrahydrofurans. The conversion after one passage with volume velocity of 
0.1 hour + was about 30-40%. This shows that the a-oxide ring is isomerized over Pt—C to carbonyl compounds 
somewhat more easily than the y -oxide ring. The formation of gaseous products was much more considerable 
than in the isomerization of the alkyl tetrahydrofurans. The liquid catalyzate contained, besides unchanged 
propylene oxide, acetone (95%) and propionaldehyde (4%) calculated on the a-oxide converted. These results 
show that platinized carbon to a greater extent than other catalysts [1] promotes the isomerization of unsym- 
metrical a-oxides to aliphatic ketones. 
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EXPERIMENTAL 


Starting materials. Pure tetrahydrofuran was isolated from the technical product by distillation on an 
efficient column in the presence of sodium. a-Methyl-, a-ethyl-, and a-propyltetrahydrofurans were pre- 
pared by hydrogenation of the corresponding alkyl furans on palladized carbon in the vapor phase at 130-150°. 
The properties of tetrahydrofuran and its homologs are given in Table 1, 


TABLE 1 


Properties of Tetrahydrofuran and Its Homologs 


Tetrahydrofurans B. °C/mm Hg a20 


Tetrahydrofuran 65—66°/755 — | 0.8886 | 1.4070 
Tetrahydrosilvan 79—79 .2°/750 | 0.8582 | 1.4060 
a-Ethyltetrah ydro- 106 .5—107° /742 | 0.8556 | 1.4163 


f 
ci-Prop yltetrahydro- 431 .5—132.5°/750} 0.8562 | 1.4232 
furan 


Catalyst. Platinized carbon containing 15% platinum was prepared by impregnating activated carbon 
with a solution of chloroplatinic acid and its subsequent reduction in a glass tube at 250-300". 


Isomerization of y -oxides was carried out in the vapor phase at 235-250°. In each experiment 50 g of 
material was taken, which was passed over the catalyst in a mixture with hydrogen or without it ata volume 
velocity of 0.1 hour”, The dried catalyzates were subjected to distillation on a column with an efficiency 
of 40 theoretical plates. The gaseous products of the reaction were analyzed in an Orsat-Lunge apparatus for 


their content of carbon monoxide and in a chromathermograph where the composition and the content of satura- 
ted hydrocarbons were determined. 


The properties of the products obtained by isomerization of the y -oxides in the presence of hydrogen or 
without it are given in Table 2. 


TABLE 2 Conclusions. 1, {t has been established that the 
y ~oxide (tetrahydrofuran) ring is capable of being iso- 
Properties of Products of the Isomerization of merized in the vapor phase on platinized carbon with 
y -Oxides cleavage of the ring at the C—O bonds, as a result of 
which aliphatic carbonyl compounds are formed. 


2. When an alkyl radical (CHs, CzHs, n-C3Hy) 


products Pc #750 mm is present in the a-position of the tetrahydrofuran ring, 
Hg isomerization of the y -oxide proceeds chiefly (90-95 %) 
Butanol-i 118 —117 10.8186] 1. with the opening of the ring at the C—O bond most re- 


Pentanone~2 101 —102 | 0.8081 | 1. moved from the side substituent, which leads to the 
Hexanone~-3 123 —124 | 0.8169] 1. 
Heptanone-4 142.5—143 |0.8176| 1. formation of the corresponding aliphatic ketones. 


Heptanol-4 153 —155 | 0.8213 


3. The aldehydes formed in small amount upon 
isomerization of tetrahydrofuran and a-alkyltetra- 
hydrofurans with cleavage at the 1-2 C—O bond undergo 
decarbonylation under the reaction conditions to the 
corresponding paraffinic hydrocarbons. 
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CATALYTIC CONVERSIONS OF 2-METHYLTHIOPHENE 
IN THE PRESENCE OF STEAM 


Academician A. A. Balandin, L. 1. Sovalova and T. A. Slovokhotova 


It would naturally be supposed that the catalytic dealkylation reaction in the presence of steam, which 
is general for a whole series of classes of chemical compounds [1-5], would extend to derivatives of thiophene, 
It is reasonable that during a study of this problem, difficulties would arise in connection with the specific be- 
havior of thiophene derivatives over metallic catalysts in the presence of hydrogen [6-11], which is one of the 
products of the demethylation reaction, 


Our work was carried out over Ni/Al,0, and Co/A1,0, catalysts, The temperature limits and the mole 
ratios of water to the substance studied (w) were selected on the basis of these limits in demethylation reac- 
tions of other classes of chemical compounds (a temperature of from 200 to 425°; w from 27 to 177). 
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Fig. 1. Rate of gas production and of thiophene content in the reaction 
products as functions of time on the catalyst. a) Experiment No, 59; 
b) Experiment No. 60. Solid points — thiophene; circles — gas. 


When thiophene was passed over the catalyst under these conditions, including a temperature of 425°, it 
was all recovered unchanged. The evolution of gas was not observed, and the catalyst remained capable of 
dehydrogenating cyclohexane. 2-Methylthiophene under these same conditions split off a methyl group and, 
to a lesser extent, underwent ring cleavage, which conforms to the conclusion as to the higher activity, in com- 
parison with benzene and. pyridine, of toluene and 2-picoline in reactions in which the benzene and pyridine 
rings are opened [2, 5]. The presence of methyl side chains gives the ring system greater reactivity. 


The rate of production and the composition of the products of the reaction of 2-methylthiophene with 
water varied with time (see Fig. 1 and Table 1) when the vapors of these two compounds were passed over fresh 
catalyst. The rate of gas formation decreased at first and then reached a constant value which, other conditions 
being equal, was determined by the temperature and mole ratio of water to 2-methylthiophene. The liquid 
catalyzate contained thiophene during the first minutes of the experiment, but the amount decreased to zero 
when the rate of gas production reached a constant value. In the initial period of the reaction, the gas con- 
tained carbon dioxide in an amount which exceeded the amount of saturated hydrocarbons. ‘When the rate of 
gas formation became constant, the amount of carbon dioxide decreased practically to zero, and the amount 
of saturates became appreciable; unsaturated hydrocarbons and hydrogen sulfide appeared above 400°. 
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Over the nickel catalyst, the amount of thiophene formed at corresponding times from the beginning of 
the experiment increased with temperature and decreased with an increase in the amount of water. The cobalt 
catalyst acted in a generally analogous manner. , 


TABLE 1 


A 


atindicated turat 
No. beginning of hydro- ydro-| 1,8 
xpepiment 


10 1.3 0.0 
60 3.4 0.0 


(1: 2) 


An increase in the reaction temperature increased the rate of gas production, while an increase in the 
amount of water decreased it. At the same time, an increase in the amount of water (w = 177 as against 48) 
brought about an increase in the relative content of carbon dioxide in the gaseous products, evidently owing 
to a secondary reaction of the saturated hydrocarbons with the water. 


TABLE 2 


Gas composition (%) 


Expt. Catalyst 
P ys H,S H, 


empera~- 
ture (°C) 


Regenera- 
saturated 
hydro- 
unsatura - 
ted h 


carbons 
ted 
car 


Ni/Al,Ox (1 : 2) 
Same 


Conte 


oo, 

2,99, 

| ool onoooo 


Ni/AlzO3(4 : 4) 
Co/AlOs(4 : 4) 


tion time 
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The dependence of the composition of the liquid and gaseous reaction products on the temperature, the 
amount of water, and the catalyst composition is shown in Table 2 (an average sample of the liquid was col- 
lected for analysis after the first 4-6 minutes of an experiment, and the gas samples were collected after the 
first 10-15 minutes), The figures for thiophene content give its content, in per cent, in the mixture of thio- 
phene and unreacted methylthiophene. 


The activity of the catalyst with respect to the demethylation reaction, if it had not been lost com- 
pletely, was restored by heating the catalyst for an hour in hydrogen. Longer heating increased the activity 
of the catalyst for this reaction (Table 3). 


The material presented above permits the conclusion that methylthiophene, like methylpyridine, toluene, 
and xylene, undergoes demethylation in the presence of water over Ni/Al,O, or Co/Al,0, catalyst (1). 


The accompanying complete decomposition of the methylthiophene molecule occurred both in the pre- 
sence of water and in the presence of hydrogen (3), which is a product of the first two reactions. 


Hy 
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Poe 62 48 359 0.0 | 95.6 
ak 60 48 355 0.0 | 96.2 
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Denoting the radical | J. by T, the reactions occurring may be formulated thus; 


TCHs + 2H,0 = TH + CO, 


TCH, + 10H,O = 5CO, ++ 12H, + H,S, (1) 
TCHs + 4H, = CsHi2 + H,S, ( 2) 
TCHs ++ Hg == TH + CHy, \ 


TH + = CgHig + HS. 

Reactions (1) and (2) proceed on the active centers of the metal catalyst (Ni, Co). The hydrogen sulfide 
formed by reaction (2) is not evolved at first; it poisons the surface of the catalyst by forming sulfides. There- 
fore, the rates of reactions (1) and (2) continuously decrease. At the same time, with an increase in the frac- 
tion of the active surface of the catalyst occupied by the metal sulfide, the selectivity for reactions (3) in- 
creases, these reactions occurring under the influence of hydrogen. Finally, when the surface is completely 
covered with sulfide, a steady state is established in the process, The composition of the products in this stage 
of the reaction differs from the product composition in the first stage. HS appears in the gas; i.e., the de- 
methylation reaction on the metal surface changes to a desulfurization reaction on the sulfides, 


The amount of 2-methylthiophene reacting byreactions (3)increases with an increase in temperature, as 
is indicated by the increase in the concentration of carbon-containing gases and hydrogen sulfide in the pro- 
ducts. An increase in the amount of water acts oppositely. At the same time, an increase in the temperature 
and an increase in the amount of water promotes the occurrence of a secondary reaction. 


+ 2nH,O nCO, + (3n + 1) Ha, (4) 


owing to which an increase inthe indicated parameters increases the content in the gas of carbon monoxide 
and dioxide and decreases the content of unsaturates. 


The values of the activation energy are; for the first stage of the reaction in which the demethylation of 
2-methylthiophene to thiophene predominates, 9750 cal/mole; for the stage occurring at constant rate where, 
we assume, the desulfurization of methylthiophene takes place on Ni or Co sulfide, 21,200 cal/mole; these 
values are close to the literature values, 


This reaction of dealkylation of methylthiophene is a model reaction for the production of thiophene 
from its alkyl derivatives; therefore, the present work shows that it is possible in principle to obtain the raw 
material for syntheses based on thiophene from sulfur-containing petroleum and shale oils [12]. In view of 
the fact that the desired reaction proceeds in the first part of the curve (see Fig. 1), the process can be carried 
out in a moving bed with continuous regeneration of the catalyst. 


EXPERIMENTAL 


The experiments were carried out in a catalytic apparatus, including a reactor, which was previously 
described [13]. The catalysts used in the work had the compositions Ni/Al,0, 1;1 and 1; 2,andCo/Al,O, 1:1, 
and were prepared by the method of Zelinskii [14]. The catalyst was reduced before an experiment for an 
hour at the temperature of the experiment, and was held in the manner described in reference [ 9] during non- 
operating periods. 


The starting materials — thiophene and 2-methylthiophene — were purified by the formation and sub- 
sequent decomposition of their mercury acetates [15]. 


The materials had the following constants. Thiophene; az? 1.0640, ny 1.5275, b. p. 82-83°/744 mm; 
2-methylthiophene; 43° 1.0200, njj 1.5190 b. p. 110-111°/752 mm (the literature values are, respectively: 
dj’ 1.0644 and 1.0194, nf) 1.5287 and 1.5203, b. p. 84.12°/760 mm and 112.5°/760 mm). 


’ The 2-methylthiophene and water were charged to the apparatus at constant rates of 0.078 ml/minute for 
the organic material and 0.70 ml/minute ( w = 48) and 2.70 ml/ minute (w = 177) for the water. 


The gas was collected and its rate of production measured with a UGSP gas holder. The gas was analyzed 
in a VTI apparatus. The hydrogen sulfide was absorbed with an acid solution of cadmium chloride [16]. The 
percent of saturated hydrocarbons was calculated on the assumption that the major part of the saturated hydro- 
carbons was pentane. 


TABLE 3 


Expt. 
No. 


|| Ni/AlaOs (1 : 4) 
59 After use 250 65 


after tl st 6 min- 


Catalyst me (hours) ture (°C) —_utes of the expt. (%) 


tion| [Thiophene content 
Tempera fic 


The content of thiophene and 2-methylthiophene was determined from the absorption spectra of aqueous 
solutions in the ultraviolet region. 


Although literature data are available on the 
ultraviolet spectra of thiophene derivatives [17], it has 
been recommended that analyses of small quantities 
of them be carried out by the more significant infrared 
spectra [18] or by color reactions with cerium nitrate 
(it has been indicated that the method can be used 
only for the qualitative determination of mixtures [19]). 


260 mp We took the ultraviolet absorption spectra of 
sania aqueous solutions of thiophene, 2-methylthiophene, 


and their mixtures of various compositions. The ab- 
Fig. 2. Absorption curves for aqueous solutions of 
thiophene (a) and 2-methylthiophene (b) sorption maxima found, 230 mp for thiophene and 234 
P ve ; mp for methylthiophene (see Fig. 2), agree with the 
literature values [17]. We were able to show that 
Lambert~Beer's law applied to this solution and that the method could be used for the determination of the con- 
centrations of thiophene and 2-methylthiophene in their mixtures. In view of the sloping form of the curves 
and the close location of the maxima, the absolute error was +5%(see Table 4). The data in Tables 2, 3, 


and 4 are average values for a number of determinations. 


TABLE 4 


Thiophene content (%) 
Actual 8.3 15.4 30.1 41.7 10.6 
From the spectra 41.9 9.9 25.2 38.0 6.1 
Absolute error +3.6 —§.5 —4.9 —3.7 —4.5 


The combined catalyzates from several experiments in which thiophene was formed were separated, 
the organic layer was dried and purified by the formation and decomposition of the mercury acetate, and was 
then distilled from a small flask with a dephlegmator (2 ml). The purified product had the following constants: 
experiments 62-64; dj’ 1.0215, nf} 1.5210, 1. b. p. 65°, 10% point 109°; experiment 65; dj’ 1.0210, ny 1.5205, 
i. p. b. 72°, 20% point 109°. 
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OPTICAL INVESTIGATION OF THE CONFORMATIONS OF SOME 
GEM-SUBSTITUTED CYCLOHEXANES 


M.I1. Batuev, A. A. Arkhem, A. D. Matveeva, A. V. Kamernitskii and 


Academician I. N. Nazarov 


The physical properties and reactivity of a functional group depends on its position* — axiai or equatorial— 
in the conformation. 


It is sometimes possible to establish this position by chemical means, but frequently this can be accom- 
polished only by a physical method of investigation [1, 2]. 


In the present work, we made an effort to determine by an optical method the conformations of the epi- 
meric 2-methyl-1-ethynylcyclohexanols (I) and (II) and 1,2-dimethylcyclohexanols (III) and (IV), which we 
had previously synthesized [3]. The liquid mixture of acetylenic alcohols (I) and (II), obtained from ortho- 
methylcyclohexanone by Favorskii reaction, were separated into the isomers by means of prolonged freezing 
out of the cis-isomer (1) and subsequent crystallization of it. The liquid trans-isomer (II) resulting from the 
separation contained approximately 10% of isomer (1) as an impurity. The mixture of alcohols (III) and (IV), 
prepared by the interaction of ortho-methylcyclohexanone with methylmagnesium iodide, was separated by 
distillation in a column equivalent to 40 theoretical plates. The constants of the cis-trans- isomers (III) and 
(IV) agreed with the literature values [4]. Chiurdoglu [4] first identified the cis- and trans-forms (III) and (IV) 
of 1,2-dimethylcyclohexanol by means of the Auwers-Skita rule, the rule of trans-elimination of water, and 
the hydrogenolysis rule, which was discovered by him, The acetylenic alcohols (I) and (II) were previously 
converted by us to the known pair of cis- and trans-carbinols (III) and (IV) without disturbing the asymmetric 
center [3]. 


(i) trans (iv) trans 


The physical properties of compounds (I) — (IV) are presented in Table 1. 


Raman spectra of these compounds in the liquid phase were taken with an ISP-51 spectrograph with a 
medium-speed camera using the blue line at 4358 A from a mercury lamp for excitation: * * 


*In this paper, conformations are determined by the relative position of the largest substituents, in the case 
cited — methyl and ethyl groups. 

* *Intensity notation; b) broad line, s) sharp line, db) doublet; asterisks denote lines in the background which 
are common with neighboring lines marked with the same number of asterisks, The spectra of (III) and (IV) 
have been published in reference [5] but in incomplete form, ending in the frequency region of ~1450 cm”, 
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CH, H; 
C=CH H; 
‘on SABES 
Hy CH, 
cis (ui) cis CH,MgI 
CH, CH, 
.C=CH -CH, 
H ges H 
|| 


1-ethyn 82 (2), 92 (2), 114 (3*), 124 (3*), 153(6**) 
166 (3**), 179 (3**), 212 (2), Bh ye 234 (4), 240 (1), 958 (1), 289 (1), 304 (0), 323 (3*), 332 (3*), 
358 (1), 373 387 (1), 402 (3), 442 (2s), 450 (2* db), 490(0), 526 (2*), 540 (14) 
593 (3), 624(1s), 637 (13), (4%), 664 (8*), (4 704 (1), 804(2), 838(3), 863(2), 
888 (1), 908 (1), (1), 963 (0), (4*), 997 (4*), 1067(4*), 1090 (1), 1114 (4*), 


4127(2*), 1155(4**), 1166(4**), 1195 (1), 1212(2), 1225 (4), 1254 (4), db), 
1332(2*), 1346(2*), 1358(2*), 1447 (6**), 1456(1**), 1467(3**), 2090(1), 2104 (6 b, 

2118 (1), 2851 (6), 2864 (4), 2893(3*), 2909(3*), 2922(4*), 2933 (8*), 2945(8*), 2957 
969 (2*), 2984 (1*), 3269 (1**), 3283 (1**), 3293 (3**), 3315 (1**), 3350—3600 (1, band ), 
385 (1), 3600 (3), 3615 (1), 3634 (1), 3654 (1). 

(Il) trans-2- ~methyl- 1- Av cm; 78 (2*), 2*), 146 (2**), 
126(2**), 152 (5 b*), 214(3**,, 227(3**), 264(0), 288(0), 315 (0*), 
333 (3%), 338 (0*), 362 (0), 380 398 (4), 421 (0), 448 (0), 468 (4), 489 ay 530 (3), 553 (3), 
592 (3), 649 (3), 660(4), 696(7*), 705(2*), 806(3p), 833(4), 864(3p), 896(1), 925(1), 
967 (2*s), 983(3*s), 996(4%s), 1033(1), 1056(4*), 1064(4*), 1114 (384), 1129 (3**), 
1153 (44) 1168 (4*), 1194(2**), 1213 (2**), 1230(2**), 1248(1*), 1263 ( *), 1268 (1*), 
1302(2 db), 1329(3*), 1346 (4*db), 1447 (8**), 1459(4**), 1463 (4**), 2093 (1%), 2105 (9*b, 
db), 2118 (1*), 2655 (1b**), 2684(1**b), 2735 (3), 2809(1), 2854 (6*), 2903 (2*), 2919 (2*),. 
2930 (10*), 2942 (10%), 2970(4*), 2983(2*), 3268 (1**), 3298 (1**), 3314 (3**), 
3350—3614 (1 band ), 3581 (1), 3593(1), 36414 (3,) 3629(1), 3653 (4). 

II] cis-1,2-dimet 'ylcyclohexanol Av cm™!: 245(0), 273(3*), 291(3*), 328(3), 
368 (4*), 387(4*), 444 (4), 484(1), 524(6), 566(3), 603(3), 622(1), 695(40), 803 (3), 
835 (5), 857(5), 888(4), 915(4), 939(4*), 951(6*), 980(4s) 988(6), 1014 (5), 1064 (5), 
4092(5), 1153(4*), 41170(6), 4189(1*), 1214 (0), 1237 (3), 1262(7*b), 1275 (2%), 1304 (2), 
1335 (4*), 1350(4*), 1369(0), 1409(0), 1441 (9*), 1457 (4*), 1471 (2*), 2629 0), 2659 (0), 
2720 (0), 2857 (6*), 2895 (2*), 2914(4*), 2928(10*), 2943(10*), 2970(4#), 2985 (4%), 
3330—3500 (2, p nd ), 3980 (1), 3606 (4), 3619 (1), 3639 3652 (A). 

(IV) trans- imeth ylcyclohexanol Av 204(0b), 230(0b), 330(0 b), 


369 (1b), 442 (4 dbi, 468 (0 db), 497 (3), 519(0), 536 (0), 7556 (5), 580 (0), 617 (0), 658 (0), 
673 (0), 698 (10), 765 (0), 798 (3), 82914), 857(5), 888(3), 909(3), 944(6), 969(0), 988 (3%), 
1007 (6*), 1039(0), 1061 (3), 1088(5), 1109 (4s), 1122(1s), 1139(4s), 1154 (48., 1175 (6), 
1215 (1*), 1234 (3%), 1263(5**), 1277(5**), 1303(2b, db), 1331 (3*), 1347 (3%), 1358 (3*), 
1435(1*), 1449(6**), 1465(3**), 2664/0), 2728(0), 2853(6*), 2871 (5*), 2899 (4*), 


2923 (10*), 2936(10*), 2965(4*), 2982(3*), 3380—3530(2, band ), 3582(1), 3608 (4), 
3619 (4), 3636 (1), 3659 (1). 


Spectra were also taken of the first two compounds in 10% solution in carbon tetrachloride, 


In the Raman spectra of each of the two acetylenic alcohols (I) and (II) and their carbon tetrachloride 
solutions, not one, but three or four characteristic frequencies were observed for the pulse vibration of the ring 
and for the vibrations of the C=C, C—H in -C =C—H, and OH bonds (in the monomers) (see Table 2). 
Moreover, in the spectra of the cis-isomer (1) and its carbon tetrachloride solution, for each of the indicated 
characteristic’ bonds one line was distinguished by its greater intensity; these lines were also present in the 
spectra of the trans-isomer, but with a weak intensity. And, on the contrary, the most intense of these charac- 
teristic frequencies in the spectra of trans-isomer (II) and its carbon tetrachloride solution were also present 
in the spectra,of the cis-isomer (1). This indicates the presence as an impurity of the predominant conforma- 
tion of one isomer in the other (especially I in Il, see above). The presence of other weak lines in the regions 
of the above-mentioned characteristic frequencies in the spectra of both I and II and their solutions in carbon 
tetrachloride (see Table 2) indicates the presence of very small amounts of other conformations (possibly even 
the boat form) in the mixtures containing the predominant conformations. The mixture of conformations in I 
and II is indicated by the greater number of observed lines in their spectra in comparison with the theoretical 
number expected for the presence of only one conformation in these substances (even without taking into 
account degeneracy of vibrations. Let us proceed to a clarification of the predominant conformations in (1) 
and (II), which are characterized by the most intense vibrational frequencies of the characteristic bonds. 


That the frequency of the pulse vibration of the ring of isomer (1), 661 cm}, is lower than that of isomer 
(IL), 696 cm”, confirms [1] that isomer I) is actually the cis-,and isomer (II) is actually the trans-form of 
2-methyl-1-ethynylcyclohexanol. The conformations of these compounds can be determined from the other 
vibrational frequencies presented for the characteristic bonds. The intense vibrational frequencies of the C=C 
bonds in the spectra of the liquid cis- and trans-isomers (I) and (IL) appear fused, but they are separated in the 
spectra of the solutions, the frequency of the C =C bond in (I) (2100 cm) being lower than in (II) (2108 cm“) 
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TABLE 1 


Physical Properties of the 2-Methyl-1-ethynylcyclohexanols (I) and (II) and of the 1,2- 
Dimethylcyclohexanols (III) and (IV) 


M, Pe» B. Pes 
Compound Hg 


(1) cis-2-Methyl-1-ethynylcyclohexanol 56—57 75/10 
(II) (liquid) | 69—70/10 
(II 1)cis~1 ,2-dimethylcyclohexanol 23.5—24 | 74,5/15,5 
(IV) trans~1,2-dimethylcyclohexanol 11.5—13 61/13 


TABLE 2 


Vibrational Frequencies of the Characteristic Bonds of cis- and trans-2-Methyl-1- 
ethynylcyclohexanols * 


Pulse vibration 


Compound frequency of = 2—C=cH (monomer) 
the ring 


(1) cis-2-Methyl-1- 649 (1) — 3269 (1) 3585 (4) 
ethynylcyclohexanol 661 (8) 2090 (4) 3283 (1) 3600 (3) 
694 (1) 2101 (b, db) 3293 (3) 3615 (1) 

704 (1) 2118 (1) 3315 (4) 3631 (1) 
nel 3654 (1) 
10% (I) + CCl 648 (4) 2094 (4) 3270 (1) 3585 (4) 
660 (3) 2400 (4) 3285 (1) 3603 (3) 

688 (1) 2110 (2) 3293 (3) 3615 (1) 
703 (1) 2424 (4) 3317 (1) 3634 (1) 
all 660 2093 (1) 3283 3503 (4) 
696 (7) 2105 (9b, db) | 3298 (1) 3614 (3) 
705 (1) 2418 (1) 3314 (3) 3629 (1) 
10% (II) + CCl, 654 (1) 2092 (1) 3270 (1) 3580 (4) 
662 (0) 2099 (2) 3283 (1) 3599 (1) 

695 (4) 2108 (4) 3298 (1) 3614 (1) 
706 (2) 2422 (1) 3314 (3) 3630 (3) 
3651 (1) 


* The intensities of the lines of the pure substances and their solutions are not com- 
parable, since the spectra of the solutions were taken with a considerably greater 
exposure; the relative intensity of a line within the bounds of a given spectrum has 
significance. The vibrational frequencies of the O—H bonds are those of the hy- 
droxy! groups of the molecules, which, apparently, are not associated through hy- 
drogen bonding; a broad band shifted toward the lower frequencies is characteristic 
for the O—H bonds in the latter (see above spectra). 


Analogously, the vibrational frequencies of the C—H in —C =CH (3293 cm™!) and O—-H (3600 em) bonds in 
(1) are lower than for these bonds in (II) (respectively, 3314 and 3614 em”), According to [1], this means 
that the predominant conformation in the cis-isomer (1) is ae, and that in the trans-isomer (II) is ee; 


20 
| 
41.4780 
4.4770 
1.4665 
1.4639 
a a 
f 
-O—H -C=ci! 
ie 
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In the ae conformation, the influence of the ring on the hydroxyl group, which is in an equatorial posi- 
tion, is more significant than in conformation ee in which it is in an axial position. In the ae conformation, 
the equatorial hydroxyl group is more protonized, and in this connection it has a lower vibrational frequency 
(3600 cm™), a lower bond energy, and a greater interatomic distance; i.e., it has more acidic properties than 
the axial hydroxyl group in the ee conformation. On the other hand, C=C, C—H, and —C =CH bonds in an 
equatorial position, in which they occur in the ee conformation, are more electronized; i.e., they have higher 
vibrational frequencies, higher bond energies, and smaller interatomic distances than in the axial position in 
conformation ae [1, 6]. In the isomeric 1,2-dimethylcyclohexanes, the pulse frequency of the ring, though 
insignificantly, is nevertheless lower in (III) (695 cm™) than in (IV) (698 cem™), This indicates that (III) is the 
cis- and (IV) is the trans-isomer [1]. In addition, the lower vibrational frequency (3608 cm“) of the hydrox yl 
group in (III) (monomer) as compared to its frequency in (IV) (2618 cm™) indicates that the hydroxyl group in 
{somer (III) occupies an equatorial position and that the latter compound exists in the ae conformation. In 
isomer (IV), on the contrary, the hydroxyl group occupies an axial position, and isomer (IV) exists in the ee 
conformation. The presence of other, weak-intensity frequencies in the region of the vibrational frequencies 
of the hydroxyl group of the monomeric molecules indicates that in forms (III) and (IV) there apparently are 
other conformations, which are present in very small amounts. é 


A relation between reactivity and conformation in a number of cyclohexane derivatives has recently 
been observed by us [7]. In this case, it was shown that the cis-a-ketol (V) prepared from (I) and having a 
more acidic, equatorial hydroxyl group, acetylates under milder conditions than the trans-a-ketol prepared 


from (II)and having an axially located hydroxyl, which does not acetylate under these conditions, but tends 
toward dehydration. 


CO—CH, 
SH scoci-ether 


CO—CH, 
cH,coci-ether 
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THE CAGE EFFECT AND THE THERMAL STABILITY OF POLYMERS 


B. A. Dolgoplosk, B. L. Erusalimskii, E. B. Milovskaia and 
G. P. Belonovskaia 


(Presented by Academician B. A. Kargin, January 6, 1958) 


There exists a large number of organic substances whose thermal stability in solution or in the melt is 
considerably lower than in the solid state. The various compounds containing labile bonds (peroxides, azo, 
and diazo compounds) are the most typical in this respect, the decomposition of these compounds beginning 
at their melting points. Furthermore, thermal decomposition of these substances in solution proceeds at a signi- 
ficant rate at a much lower temperature (see Table 1). 


TABLE 1 
Thermal Stability of Certain Compounds in the Solid State and in Solution 


Thermal 
decom 
n 


M. Pes t 
soln, °C 


Azobisisobutyro~ (CH,)s—C—N =N—C(CHy)s 104 with de- 
nitrile N N composition 
Benzoyl peroxide 403-8. 
e) 
Paranitrobenzoyl 156 
peroxide 6 
4,4'~bis(benzenedia- C,H, —N=N—NHG,H, 180 
zoamino)biphenyl C,H,—N=N—NHC,H, 


Benzaldehyde di- gag 
peroxide 


Benzophenone di-~ 
P 
peroxide 


It seems to us that the experimental data presented below permit connecting this phenomenon with the 
greater role played by the cage effect (primary recombination of free radicals) in viscous and solid media. 


As has been shown previously, the thermal decomposition of methylphenyltriazene in a hydrocarbon 
medium leads to the formation of methane and methylaniline [5); 


CH, 
CH,—N=N—NHC,H, 
CH,NHC,H, 


70—80 (2) 
60—70 (?) 
80 
135 Our 
data [4] 
CHC,H, No 
0-0” data 
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It is most probable that the methylaniline is formed as a result of the recombination of radicals formed 
at the instant of decomposition in the "cage," This follows from the fact that the yield of alkylanilines dur- 
ing the decomposition of various alkylaryltriazines is practically independent of the activity of the alkyl free 
radicals formed as a result of the decomposition of the triazenes [ 5]. Moreover, the formation of methylaniline 


through recombination acts outside the cage does not appear possible owing to the high activity of the methyl 
radical in reactions with isopropylbenzene. 


TABLE 2 TABLE 3 


Yield of Basic Products from the Conversion of Free Effect of Polymer Molecular Weight on Methane 
Radicals During the Decomposition of Methylphenyl- Yield During the Decomposition of Methylphenyltri- 
triazene in Various Media. Triazene Concentration, azene 

10%. Temperature, 100° 


Content of | Polymer Yield of CHy, 
Content of polymer Yield, % of theoretical polystyrene molecular % of theo- 

in isopropylben- in isopropyl- weight retical 

zene, wt. % CH, CH;NHCgHg benzene, wt. % 


ead 66 600,000 


Not 
determined 600,000 


43.5 


We have established that during the decomposition of methylphenyltriazene in hydrocarbon—polymer 
systems, the yield of methane decreases with an increase in the viscosity of the medium. Simultaneously, 
as was shown in the polystyrene—cumene system, there is an increase in the yield of primary recombination 
product, namely, methylaniline (see Table 2). 


The conclusion that the decrease in the yield of methane is connected with the increase in viscosity, 
and not with the decrease in the amount of isopropylbenzene, is confirmed by the following data. We showed 
that at equal weight-concentrations of the different samples of polystyrene in isopropylbenzene, the methane 
yield was lower the higher the molecular weight of the polymer (see Table 3). 


The data presented indicate the essential influence of viscosity of the medium on the effectiveness with 
which interaction in the cage proceeds. The results of our work permit consideration of the question of the 
possible influence of the aggregate state on the thermal stability of substances containing labile bonds (see 
Table 1) and also of polymers possessing a high softening temperature. The difference in the behavior of com- 
pounds of similar nature in the solid state and in solution (or in the melt) can be explained specifically by 
the considerable role played by the cage effect in the solid state. A consideration of the facts touching on 
the thermal stability of high-melting polymers makes this conclusion particularly convincing. 


As is well known, polyparaxylene, ~CHgCgHCHgCH,CgH CH2~, the melting point of which amounts to 
425°, decomposes only after transition into the molten state. In solution, this polymer undergoes considerable 
decomposition at temperatures as low as 302° [6]. There exist a number of other polymers,possessing high 
melting points which are stable until the melting point is reached, for example; 


~ = CC,H,COCH;CH2 
I ll 


O O 
M. p. 420° (with decomposition) 
~ NH (CH2)s NH COC,H,CO ~ 
M. p. 350° (with decomposition) 


20 
5 35.5 20 
ea 0 7.0 
27. 
45.0 
5 
50 28.0 
9.5 
0 
wal 9 
bs 
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Obviously, we are here dealing with "superheated" polymers which begin to undergo decomposition only 
after transition through the glass temperature, when the viscosity of the system sharply decreases. It can be 
assumed that in rigid systems (below Tg or below the melting point for crystalline polymers), the primary 
thermal acts of C—C bond rupture do not cause depolymerization precisely because of the cage effect, which 
returns the system to the initial state. Only a transition into the elastic region creates conditions for the des- 
truction process, which appears as a sharp decrease in the thermal stability of the polymers above their softening 
or melting points. 


On the basis of the above considerations, it can be assumed that the thermal stability of polymers charac- 
terized by a high melting point must undergo sharp discontinuities during the transition from the rigid state into 
the elastic and from the elastic state into solution. 


In the latter case, the thermal stability of the polymer is determined by the strength of the skeletal bonds 
of the polymer chain. The above-mentioned fact,indicating a decrease in the thermal stability of polypara- 
xylene in solution, supports this point of view. 


On the basis of these concepts, it can be concluded that the problem of the increase in thermal stability 
of carbon-chain polymers in the glass state first of all boils down to the requirement for an increase in the 
melting point. For rubber-like polymers, in which the cage effect appears to a lesser extent, high thermal 
stability can apparently be attained only at the expense of the strength of the skeletal bonds of the main chain. 
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A NEW METHOD FOR THE PREPARATION OF 
HYDROXYALKYLPHOSPHONIC ACIDS 


V.K. Kuskov, G. F. Bebikh and A. D. Iaroshenko 
(Presented by Academician S. 1. Vol'fkovich, November 5, 1957) 


In investigating esters of boric acid, we found that they do not react with phosphorus trichloride, even on 
boiling. Phosphoryl chloride readily decomposes boric acid esters when the mixture is heated on a water bath, 
the reaction proceeding according to the equation; 


(AlkO),B + POC], — BPO,4+ 3A1kCl. 


This reaction goes very slowly at 0°. Hydrogen chloride does not react with borates prepared from primary 
and secondary alcohols[1]. Therefore, we surmised that boric acid esters quite possibly could be phosphory- 
lated by the reaction of Soborovsky, Zinov'ev and Englin [2]: 


RH + PCl; + 0.502 — RPOCl,+ HCl. 


This reaction was first proposed for the phosphorylation of hydrocarbons, and was later extended to alkyl 
halides, ethers, and certain other compounds, 


In the present work, we found that esters of boric acid (prepared from the appropriate alcohols as in [3]) 
readily enter into this reaction. The reaction proceeds effectively only if the reaction mixture is well cooled. 
Without this cooling, the phosphorus trichloride is simply oxidized to the oxychloride, and few phosphorylation 
products or none at all are obtained. The phosphorylation reaction was first studied using tributyl borate and 
triisobutyl borate. The reaction can be represented schematically in the form: 


+ — 0.50, — O),BOC,H,POCI, + HCl. 


In the best variant, 4 moles of phosphorus trichloride are used per mole of tributyl borate. Obviously, 
more than one butyl group of the tributyl borate is phosphorylated, since the yield of hydrox ybutylphosphonic 

acid is 60%, if it is assumed that it is theoretically possible to obtain 3 moles of hydrox ybutylphosphonic acid 

per mole of tributyl borate. The phosphorylated boric acid esters proved to be unstable compounds. During 

an attempt to distill the phosphoryl chloride obtained during the phosphorylation of triisobutyl borate, a violent 
reaction began at about 80-100, and the reaction mass congealed into a solid, colorless resin, Distillation under 
vacuum at 15 mm gave phosphoryl chloride and a mixture of acid chlorides, including CgHgOPOCly. The residue 
—a thick, slightly colored mass — had chlorine and phosphorus contents close to those required by B(OCHgPOC1,),, 
but the molecular weight was about 300 (323 and 315 in two determinations) instead of the calculated 578, Evi- 
dently, some cleavage occurred. In order to separate and purify the hydrox yphosphonic acids, at the conclusion 
of the phosphorylation, the reaction products were poured into ice water and were then evaporated several times 
to remove hydrochloric and boric acids, Further, the phosphoric acid was separated as the magnesium ammonium 
salt in accordance with the method proposed by Page [4], and the corresponding hydrox yalkylphosphonic acid was 
precipitated from the filtrate as the lead salt. Decomposition of the lead salt with hydrogen sulfide gave the 

free hydrox yphosphonic acid. 


> 

Ba 


a-Hydroxyphosphonic acids were prepared by phosphorylation of trimethyl borate and tribenzyl borate. 
These acids had been prepared previously [4, 5] from the corresponding aldehydes. The analytical data agreed 
with those in the literature. Crystalline hydroxybutylphosphonic acid was obtained by phosphorylation of butyl 
borate, and this, in distinction from the a-hydrox ybutylphosphonic acid described in the literature, did not form 
the acid chloride when treated with phosphorus pentachloride, but did react vigorously with the formation of 
a white, solid product which was evidently a polycondensation product. From triethyl borate, we were able to 
obtain hydrox yethylphosphonic acid in the form of the impure lead salt; it contained phosphoric acid, although 
the phosphoric acid impurity was first separated as the magnesium ammonium salt. Evidently, the product was 
the salt of the unstable 6 -hydroxyethylphosphonic acid, which, similarly to its previously prepared ester [6], 
readily cleaved with the formation of phosphoric acid, The other hydroxyalkylphosphonic acids were isolated 
in the form of lead salt; the free acids were not crystalline and, possibly, were mixtures of isomers, On heat- 
ing of the phosphoryl chlorides of the boric esters of these acids immediately after phosphorylation, they de- 
composed, and a vigorous reaction occurred accompanied by the evolution of hydrogen chloride. 


During the phosphorylation of isobutyl borate, an experiment was carried out on the conversion of the 
resulting acid chlorides to the ethyl esters by treatment with ethyl alcohol in pyridine, analogously to the 
method for the preparation of esters of phosphonic acids which was published earlier [7]. 


The mixture of esters did not distill, and during an attempted distillation under vacuum, even polymeriza- 
tion of the triethyl phosphate occurred. An attempt was also made to prepare the pyrophosphate by the method 
of Dvornikoff and Morill [8] with the intention of obtaining a pyrophosphate of the following type according to 
the overall equation; 


B (OCgHsPOCI,), 3POCIs + 12C,H;OH + 
O 


| I 
— O—P — -++- 3C,H;Cl + 12HCI. 
OCH; OC;H; 


P yrophosphates were obtained. several times; however, they had a molecular weight of 1300-1400 instead 
of the calculated 963, and were obviously polypyrophosphates, 


Tests showed that the resulting esters were very weak insecticides for a typical agricultural pest — the 
grainery weevil. 


EXPERIMENTAL 


The phosphorylation of the boric acid esters was carried out in a three-necked flask fitted with a reflux 
condenser (which communicated to the atmosphere through a calcium chloride tube), a thermometer, a drop- 
ping funnel, and a capillary, through which oxygen from a cylinder was passed after drying with calcium chlo- 
ride and soda lime. 


0.1 mole of the boric acid ester was placed in the flask and cooled with an ice-salt mixture; passage of 
the oxygen through the capillary was then started, the flow rate being such that it was hardly possible to count 
the bubbles; the rate was substantially 2-3 liters per hour. 0.4 mole (55 g) of phosphorus trichloride was fed 
from the dropping funnel over a period of 2-2.5 hours, the rate initially being very slow since the reaction is 
vigorous and an undesirable temperature rise is possible. The reaction temperatures used for the various esters 
are presented in Table 1. After all of the phosphorus trichloride had been added, the oxygen flow was con- 
tinued until the temperature ceased to increase and then for another 30 minutes, after which the process was 
ended. Without permitting the reaction mixture to be heated, the mixture was poured in a thin stream and 
with stirring into 1.5 liters of cold water, and the mixture was stirred until solution occurred (hydrolysis). 
Further, the solution was evaporated on a water bath several times until elimination of the hydrogen chloride 
was complete (the vapors did not react with congo paper). 


The mixture was then diluted to a volume of 200-300 ml, ammonia was added to a weakly alkaline 
reaction, and the phosphoric acid was precipitated with a 10% solution of magnesium nitrate. After 12 hours, 
the precipitated magnesium ammonium phosphate was filtered and washed with water. 
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TABLE 1 


Leadhydro-4Hydrox y- 
1- alkylphos- 


phonic 
nate acid 


Boric acid 
ester 


Temperature, °C 


Analysis* 


=) 


Methyl 


Ethyl 
Propyl 
Butyl 
Isobutyl 
Isoamyl 


Secondary 
octyl (2- 
octanol) 

Cyclohexyl 


Benzyl 


M, p. 85°; 
CHsPO,Pb. 
CH;PO,Pb. 


P 9 
calculated P 9 
found %: 
found 
CsH2POqPb. caiculated %: 
found 
CgHpPOgPb. calculated %: 
found 
CyHgPO,Pb. calculated 


found %; 


Tos 


M.p. 137°. 
found %: 7.75, 7.98 
CegH1;PO4Pb. calculated %: P 805 


Aniline salt m. p. 200-201", lit. value [9] 
es P 7.86; 7.89 


found %: 
C,H;PO,Pb. calculated P 7,83 


* All analyses for P content relate to the lead salts of the hydrox yalkylphosphonic acids. 


The filtrate and wash waters were combined, and a 20% solution of lead acetate or nitrate was added 
until precipitation was complete. The lead salt was filtered, washed several times with hot water, and dried 
in air and, finally, in a drying cabinet at 110-115°. In order to liberate the free hydrox yphosphonic acid, the 
lead salt, undried, was agitated with 200 ml of water, and the lead was then precipitated as the sulfide by 


treatment with hydrogen sulfide for 5 hours, 
water. 


The lead sulfide precipitate was filtered and washed with hot 
The filtrate was checked for complete precipitation by passing hydrogen sulfide through it; it was then 


concentrated on a water bath, and the precipitated hydrox yalkylphosphonic acid was dried in a desiccator over 
phosphorus pentoxide. The results are presented in Table 1. 
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CATALYTIC CYCLIZATION OF n-PENTANE AND n-HEXANE WITH 
THE FORMATION OF A FIVE-MEMBERED RING 


A. L. Liberman, G. V. Loza, Chzhan Min-Nan’ and 
Academician B. A. Kazanskii 


In work published over the past few years, we have shown that paraffinic hydrocarbons cyclize smoothly 
to homologs of cyclopentane in the presence of platinized carbon [1-5]. Moreover, it was shown that the yield 
of cyclopentane hydrocarcons depends essentially on the structure of the original paraffinic hydrocarbon, Thus, 
at 310° and a space rate of 0.2 hour‘, the yield of cyclopentane homologs from the reaction over freshly pre- 
pared catalyst comprises; 25-35% from isooctane, 12% from 3-ethylpentane, and 3-5% from n-octane. It 
might be supposed that paraffins of normal structure would cyclize at approximately the same rates, since 
under somewhat different conditions n-heptane and n-octane give equal yields of cyclization products [1]. 
Therefore, it was of interest to compare n-octane with n-hexane and n-pentane. The latter hydrocarbon is of 
particular interest, since thermodynamically it represents an exception of cyclization reactions, yielding a five- 
membered ring. Indeed, at thermodynamic equilibrium, a mixture of n-pentane and cyclopentane at 500° K 
and atmospheric pressure contains only 8% cyclopentane, while in equilibrium mixtures of n-hexane, n-heptane, 
and n-octane with their respective polymethylenes the content of cyclopentane hydrocarbons will comprise 
30-40% [3]. 


Our investigation showed that n-pentane actually does behave differently from the homologs studied, 
since n-hexane cyclizes similarly to n-octane. Thus, at 310° and a space rate of 0.2 hours’, n-pentane was 
completely unchanged even over freshly prepared catalyst, while n-hexane was cyclized to the extent of 3.5- 
4.5%. Moreover, n-pentane did not undergo cyclization even at 330°, and only at 350° did it enter into this 
reaction; however, at this relatively high temperature the yield of cyclopentane was small. The catalyst was 
sufficiently active, since isooctane was cyclized to the extent of 30% over a separate portion of this catalyst 
at 310° and a space rate of 0.2 hours”*. 


In order to confirm that the expected cyclization products were actually obtained in the cases under con- 
sideration, each hydrocarbon was passed over a separate portion of catalyst for a period of several days. The 
temperature was 350° in the case of n-pentane and 310° for n-hexane; the space rate was the same in each 
case, namely 0.2 hours, After determination of their constants and chromatographing, the catalyzates were 
distilled in efficient columns. Cyclopentane was obtained from the n-pentane catalyzate with a purity of 
about 99%, judging from its constants. On the basis of Raman data, * the concentrate from the n-hexane 
catalyzate contained about 95% methylcyclopentane , 


It is very curious that, according to Raman data, the overhead fraction from the distillation of the con- 
version products of the n-pentane conversion contained 25-30% isopentane (1.7% of the total catalyzate). Up 
to the present time, no reliable proof of the possibility of isomerizing paraffinic hydrocarbons in the presence 
of platinized carbon has appeared in the literature. It is true that in 1937 Iu. K. Iur‘ev and P, Ia. Pavlov [6] 
reported that n-octane is isomerized into a mixture of isoparaffins when it is passed in a stream of hydrogen over 
this catalyst, and this work is frequently mentioned in the monograph literature. However, in the light of our 
work on the cyclization of paraffins to cyclopentanes it might be considered that the isoparaffins obtained by 
these authors could have been secondary products formed by cyclization of the n-octane and subsequent hydro- 
genolysis of the cyclopentane*hydrocarbons, for example: 


*The Raman spectra of the catalyzates were investigated by Kh. E. Sterin, to whom we extend our thanks for 
this comradely aid, 


——> — cH ~ CH, — CH, — CH, 


CHs 


Since hydrogenolysis of cyclopentane could yield only n-pentane, the appearance of isopentane in the 
catalyzate is obviously proof of direct isomerization. 


EXPERIMENTAL 


Starting materials and catalysts. The n-pentane and n-hexane were prepared by chromatographing the 
commercial materials and then by distillation in a column with an efficiency of 100 theoretical plates. After 
distillation, they had the following constants; 


B. es 20 
°C (160mm Hg) "2 
n-Pentane 36.4 1.38575 0.6262 
n-Hexane 69 0 3749 0. 6594 


These values are in good agreement with the most reliable literature data [7]. 


The catalysts consisted of two samples of platinized carbon (20% Pt), prepared as described by N. D, 
Zelinskii and M. B, Turova~-Poliak [8]. In order to compare the activity of the catalysts with the previously 
used samples, small portions of the catalysts (10 ml) were tested with isooctane at 310° and a space rate of 
0.2 hours’, After being chromatographed, the catalyzates had nh 1.3975 and 1.3962, which correspond to 
30 and 24% yields of 1,1,3-trimethylcyclopentane, respectively, Cyclization of n-pentane was studied with 
the first of these samples and ofn-hexane with the second. 


Cyclization of n-pentane. Six experiments of 2-4,5 hours duration were carried out over 60 ml of cata- 
lyst. A fresh portion of n-pentane was used each time at 350°, a space rate of 0,2 hours’, and without a 
carrier gas, The indices of refraction, density, and bromine number were determined for each catalyzate, The 
catalyzates were then freed of unsaturates by passage through silica gel, after which the indices of refraction 
and density were again determined. The content of unsaturates was calculated from the bromine number, and 
the cyclopentane content was calculated assuming additivity of the indices of refraction and of the specific 
volumes [9], the average of the two resulting values being used, The results of the investigations of the cata- 
lyzates before and after chromatographing are presented in Table 1, 


The chromatographed catalyzates from all experiments were combined, As a result, there was obtained 
107,0 g of catalyzate with nf 1,3593, which corresponds approximately to a cyclopentane content of 3.7%, 
The catalyzate was distilled in a column equivalent to 100 theoretical plates, and the residue from this dis~- 
tillation was distilled in a 35-plate column, The distillation results are collected in Table 2, All the funda~- 
mental lines of isopentane were observed in the Raman spectrum of Fraction I; the isopentane content of this 
fraction was 25-30% or 1.7% based on the total catalyzate., Calculations based on the assumption of additivity 
of the refractive indices of isopentane and n-pentane led to a closely similar value (2,1%). 


The constants of Fraction VII from this distillation were very close to those of cyclopentane. According 
to the most reliable literature data, this hydrocarbon has the following constants; b, p, 49.262°/760 mm; ny 
1.4065; d3°0,74538 [7]; aniline point 15.8°[9]. The constants of Fraction VII are still closer to the values cal- 
culated for a mixture of 99% cyclopentane and 1% n-pentane; nity 1.4061; d2° 0,7440; aniline point 16,3°, 


Cyclization of n-hexane. Nine experiments of 5 hours duration were carried out over 45 ml of catalyst, 


A fresh portion of n-hexane was used each time at 310°, a space rate of 0,2 hours “, and without a carrier gas, 
All further treatment of the catalyzates and the determination of their contents of olefins and cyclanes were 
carried out as in the case of n-pentane, The benzene content of the catalyzate was calculated from the change 
in the refractive index resulting from chromatographing, The results obtained are presented in Table 3, 


« 
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TABLE 1 


Yields and Properties of n-Pentane Catalyzates 


Properties of catalyzates 


before chromatographing after chromatographing 


Expt..n-Pentane b content cyclopen- 
No. | fed, g _yield, a2 of unsat- a2? jtane 
*jurates, content,* 


8 No. % 


= 


28.0 | 1.3612) 0.6328 1.3593 | 0.6342 
27.0 | 1.3605] 0.6325 | 9.6 1.3592 | 0.6314 
30.0 | 1.3602} 0.6307 | 9. ‘ 1.3592 | 0.6303 
11.3 | 1.3604) 0.6313 1.3590 | 0.6301 
23.8 | 1.3603) 0.6315 | 1.3592 | 0.6314 
26.5 | 1.3600} 0.6302 Z ; 1.3590 | 0.6294 


t 
— 


* Calculated as the average of the values found from the refractive indices and speci- 
fic volumes. 


TABLE 2 


Results of the Distillation of the n-Pentane Catalyzate 


Boiling range, °C Yield of | 1 
20 'Cyclopentane 
(at 760 mm Hg) fraction, 


Fraction n 
D 4 content, % 


No. 


29.5—36.14 
36.4 


1.3560 
1,3975 
1.3575 
1.3575 
1.3575 
4.3915 
1.4063 
1.4063 


1.3565 


Residue 
Collected in 
trap 
Loss 


on 


9 
7 
9 
3 
9 
4 
9 
3 
3 


o 


Total 


* Fractions I-IV were distilled in the 100-plate column; the remaining fractions were 
distilled in the 35-plate column. 
** Aniline point of this fraction was 16.0°. 


TABLE 3 


Yields and Properties of n-Hexane Catalyzates 


Properties of catalyzates | Catalyzate compositions, %o 
after chromato- 
graphing 


ield,! 
| | @ | 
| No. 


Expt. be fore chromatographing 


No. 


methyl- 


cyclo- 


91.1 
93.4 
93.1 
93.3 
96.6 
93.3 
99.6 
93.4 
90.0 


0.6648 
0.6648 
0.6637 
0.6635 
0.6631 
0.6630 
0.6630 
().6628 
0.6628 


.3765 | 0.6627 
.3763 | 0.6623 
.3761 | 0.6619 
.3760 | 0.6615 
.3759 | 0.6613 
.3758 | 0.6608 
.3758 | 0.6609 
1.3756 | 0.6608 
1.3756 | 0.6608 


pentane 
aos & | n-Hexane 


|n-Hexane fed, 


| olefins 
[benzene 


RO 


7 
4 
2 
3 
4 
5 
5 | 
I 0.6235 -- 
0.6262 
Ill 36.1 7 0.6262 — 
IV 36.1 0.6262 — 
V 36.1 0.6262 
VI 36.1—-49.2 0.7071 69 
VII ** 49.2 0.7438 99 
99 
0.6248 
| 
0 
0 
4 
95.5 
96.4 
95.8 
96.2 
96.3 
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TABLE 4 


Results of the Distillation of the n-Hexane Catalyzate 


Fraction {Boiling range, | Yield of 
PC (760 mm Hg) |fraction, % D 


56.6—67.6 

67.6—68.9 

68.9—69.2 
69.2 


= 


The fractionation of the combined chromatographed catalyzates (185.3 g), ny 1.3760 (3.1% methyl- 
cyclopentane), was carried out at a reflux ratio of 240 between plateaus and 100 on a plateau. The results 
are presented in Table 4. As the constants show, the methylcyclopentane was concentrated in the residue, 
where the content was 94.7% by refractive index and 96.1% by specific volume. Analysis of the residue by 
means of Raman spectroscopy showed that it consisted of 95% methylcyclopentane and 5% n-hexane. 
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THE REACTION OF B-CYANOVINYL KETONES WITH SECONDARY AMINES 


Academician A. N. Nesmeianov and M. I. Rybinskaia 


In recently published work [1], we have reported on the synthesis of previously unknown derivatives of 
acrylonitrile — 8 -cyanovinyl ketones. Preliminary results from a study of the interaction of these compounds 
with nucleophilic reagents have already demonstrated the high electrophilic activity of their double bonds. 
Many of these compounds add amines, phenols, and acetoacetic and malonic esters,* It is interesting to note 
that of the two competitive groups which could direct the orientation of unsymmetrical reagents adding across 
the double bond, > C=O and-C=N -, the carbonyl group is determining, and the orientation is opposite to 
that which holds for cyanoethylation reactions with acrylonitrile: 


CH, = CHCN + HX + XCH,CH,CN, 
RCOCH = CHCN + HX — R COCH,CH — CN. 


xX 


This provides for completely different synthesis possibilities through the use of 8 -cyanovinyl ketones (6 -acyl- 
acrylonitriles). In the present article, we will describe the reactions of 8 -cyanovinylketones with secondary 
amines. An interesting difference exists between aromatic and aliphatic 6 -cyanovinyl ketones, Aryl 8 -cyano- 
vinyl ketones give products of the addition of amines across the double bond (even in the presence of an excess 
of amine). We prepared products of the addition of diethylamine, piperidine, and morpholine with certain 

aryl B -cyanovinyl ketones; 


ArCOCH = CHCN + HNR; ArCOCH,CH CN, 
NR; 


when Ar= CsHs, HNRe= NH (C:Hs)2, NHCsHio, NHC,H,O, and 
when Are= n-BrCgHg, n-NO,CgR4, HNRg = NHC,H,O. 


The resulting addition products are readily crystallizable substances which, however, change on long 
standing, as was indicated by analyses. Under the influence of alkali, these products of the addition of amines 
to aryl 8 -vinyl ketones split out hydrocyanic acid to give aryl 8 -aminovinyl ketones, which may also be pre- 
pared from aryl 6 -chlorovinyl ketones. Consequently, the addition products are nitriles of a-amino~y -oxo- 
carboxylic acids. Thus, the action of the calculated amount of alcoholic alkali on a-(N-piperidyl)- 6 -ben- 
zoylpropionitrile yields phenyl 8 -(N-piperidyl) vinyl ketone, which is identical with that prepared by the alter- 
nate synthesis from phenyl 6 -chlorovinyl ketone and piperidine; 


C)H,COCH,CHCN C,1,COCH = CH — N 


> 


* This material will be published later. 


The action of concentrated hydrochloric acid on a-(N-piperidyl)- 6 -benzoylpropionitrile causes hydro- 
lysis with the formation of the corresponding acid, which we isolated in the form of the stable hydrochloride, 
a-(N-piperidyl)- 6 -benzoylpripionic acid, identical to that obtained by the alternate synthesis from B -ben- 
zoylacrylic acid and piperidine [2], was obtained by the action of ethylene oxide on this hydrochloride. 


N 


On ‘carrying out the hydrolysis of &-(N-morpholinyl)- 8-benzoylacrylonitrile under these same condi- 
tions, we obtained the amide of the corresponding acid. 


It should be noted that the chemistry of the 6 -aroylacrylic acids, which have been known for a long 
time, differs slightly. The question of the structure of the products of the addition of ammonia and amines 
to benzoylacrylic acid has long remained unanswered. Some have considered them a-amino- [2-4] and others 
B -amino~y-oxocarboxylic acids [5, 6]. Recently, Cromwell and co-workers showed, indeed bya complex route, 
that they are a-amino-y -oxocarboxylic acids [2]. Our route is very simple, and can be used in the future 
for establishing the structures of other products of additions across the double bond in 8-cyanovinyl ketones and 
B-acylacrylic acids. 


Methyl 6 -cyanovinyl ketone behaves differently under analogous conditions, With diethylamine and 
piperidine, it exchanges its CN group for an amino group and gives the corresponding methyl 6 -diethylamino- 
and methyl 8 -piperidylvinyl ketones, which are identical with the products of the interaction of methyl B= 
chlorovinyl ketone with these same amines [7]: 


CHsCOCH == CHCN + HNR, CHsCOCH = CHNRz, 


where HNR, is (CgHs)gNH or NHCgHyo. 


Like methyl 8 -chlorovinyl ketone, methyl 8 -cyanovinyl ketone reacts with hydrazine to give 3-methyl- 
pyrazole [8]. Thus, in this case the CN group exhibits pseudohalide ptoperties. This should be compared with 
the appearance of pseudohalide properties of the CN group in the nitrile of pyroracemic acid [9], which fs in 
the nature of a vinylog of methyl 6 -cyanovinyl ketone. Moreover, the results described naturally lead to 
the assumption that during the exchange of the CN group, the addition of the amine across the double bond 
proceeds in the first stage followed by splitting out of hydrocyanic acid. Final judgement on the mechanism 
of the substitution of the CN group requires a special investigation. 


EXPERIMENTAL 


1. Preparation of nitriles of a-amino-6 -aroylpropionic acids. To a solution of 0.1 mole of aryl 6 - 
cyanovinyl ketone in the minimum amount of benzene was added, while cooling with water, 0.2 mole of 
amine. Severe cooling was used in the case of diethylamine. The reaction proceeded very rapidly and with 
the evolution of heat. The precipitated crystals were filtered and washed on the filter with petroleum ether. 
An additional small amount of the nitrile of the a-amino- 8 -aroylpropionic acid was obtained from the mother 
liquor by evaporation. Data on the syntheses are presented in Table 1. 


2. Preparation of phenyl 8 -(N-piperidyl)vinyl ketone from a-(N-piperidyl)- 6 -benzoylpropionitrile. 
One g of a-( N-piperidyl)-8 -benzoylpropionitrile was agitated for 2 hours with 0.2 g of sodium hydroxide in 
10 ml of absolute alcohol. Sodium cyanide precipitated. Absolute ether was added to the reaction mixture 
to remove the unreacted starting material. The precipitate was filtered. The filtrate was diluted with 70 ml 
of water and extracted with ether. The solution was dried over sodium sulfate, and the ether evaporated. The 
yield of phenyl 6 -( N-piperidyl)vinyl ketone was 0.75 g (85.2% of theoretical); m. p. 86-89° (from alcohol 
and petroleum ether). A mixture with a known sample, prepared from phenyl 6 -chlorovinyl ketone by the 
method of Kochetkov [7], showed no depression of the melting point. 
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Analytical data 
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C,H,— 
n-BrC,H, 
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79—81 
(petroleum 
ether) 
435 
alcohol 
130—132 
alcohol 
155—156 
alcohol 
150—153 


92/73 .00 


74.38 
68.85 
52.01 
58.13 


8.05]7. 


7.63)7. 
6. 46/6. 
4.73]4. 
5. 28/5. 


| from 


acetone} 


Found %:; C 78.28; H 7.82. Cy4Hj7ON. Calculated %: C 78.13; H 7.90. 


3. Hydrolysis of a-(N-piperidyl)-8 -benzoylpropionitrile. Three g of the nitrile was dissolved in 25 ml 
of concentrated hydrochloric acid, Vigorous evolution of heat was observed, and, after 30-40 minutes, a pre- 
cipitate formed, which again dissolved on standing. A red solution was formed. After standing for a day, the 
reaction mixture was evaporated to a volume of ~10ml. The precipitated crystals were filtered and washed 
on the filter with concentrated hydrochloric acid and a small amount of cold alcohol. The yield of a-(N- 
piperidyl)-8 -benzoylpropionic acid hydrochloride was 3 g ( 81% of theoretical); m. p. 140-143" (from methanol), 


Found %: C 60.54; H 6.75; N 4.97. CygHag0;NCl. Calculated % C 60.50; H 6.77; N 4.70. 


a-(N-piperidyl)- 6 -benzoylpropionic acid was prepared from the hydrochloride by treatment with ethylene 
oxide; m. p. 166-167.5° with decomposition (from alcohol), A mixture with a sample prepared from B -ben- 
zoylacrylic acid and piperidine [2] showed no depression of the melting point. 


4, Hydrolysis of «-(N-morpholinyl)- 6 -benzoylpropionitrile. The hydrolysis was carried out under the 
same conditions. The yield of a-(N-morpholinyl)- 8 -benzoylpropionamide hydrochloride was 80% of theo- 
retical; m. p. 148-150° with decomposition (from methanol), 


Found %:; C 56.23; H 6.54; N 9.63; Cl 11.75. Cy4HygO,NyCl. Calculated % C 56.29; H 6.36; N 9,38; 
Cl 11.89. 


5. Reaction of methyl 8 -cyanovinyl ketone with diethylamine. To a solution of 3.4 g of methyl 6 - 
cyanovinyl ketone in 20 ml of absolute ether was added 3 g of diethylamine. The reaction was exothermic. After 
30 minutes, the ether was distilled, and the residue was distilled under vacuum. The yield of methyl 6 -diethyl- 
aminovinyl ketone was 4 g (74% of theoretical); b. p. 133°/12 mm, nf§ 1.5370, Picrate; m. p. 114-116". Lit- 
erature data; b. p. 125/6 mm, ni 1.5378; picrate; m. p. 115-116° [7]. 


6. Reaction of methyl 6 -cyanovinyl ketone with piperidine. Using an analogous route, methyl 6 -(N- 
piperidyl)vinyl ketone was a peni by the interaction of 4 g of methyl 8 -cyanovinyl ketone and 4 g of oa 
dine. B. p. 156°/7 mm, ny 1.5718. Picrate; m. p. 121-122°. Literature data; b. p. 154-155°/7 mm, ny 
1.5730; picrate; 122-123° [7]. 


5. found hal 
1 2 87 
2 5 {74.20 
3 3 |68,71 50/11 .50/11.47 
4 3.9104. 94 64] 8.72) 8.66)24.79]24.76 
1.3)/58. 36 | 19)14.80)14.53 
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7. Interaction of methyl 6 -cyanovinyl ketone with hydrazine. 3-Methylpyrazole was prepared by the 
reaction of 4 g of methyl 8 -cyanovinyl ketone with 5 ml of hydrazine hydrate in 10 ml of ether, using the 
method described for the synthesis of 3-methylpyrazole from methyl 6 -chlorovinyl ketone [8]. The yleld was 
0.5 g; b. p. 205-206°/756 mm; ni? 1.4960. Picrate: m. p, 142-143°. Literature data: b. p. 204-206°/755 mm, 
1.4935, Picrate: m. p. 141-141.5° (8). 
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KINETICS OF THE HYDROLYSIS OF BORON TRIFLUORIDE 
COORDINATION COMPOUNDS* 


I. G. Ryss 
(Presented by Academician A. V. Topchiev, February 5, 1958) 


We have found that the kinetics of the hydrolysis of compounds of the type F;B; Am, where Am is an 
amine, depends not only quantitatively, but also qualitatively on the nature of the amine. 


The first analytically determinable stage of the hydrolysis of these compounds is apparently irreversible, 
and is described by the equation 


F;B : Am ++ H,O = AmHt+ + BF;OH~. (1) 


In neutral or acid medium, reaction (1) is complicated by the partial conversion of BF;OH to BF [1]; in al- 
kaline medium, BF;0H™ undergoes rapid quantitative decomposition to borate and fluoride. 


The decomposition of the boron trifluoride-pyridine complex F;B ; NCsH; in alkaline medium isa relatively 
fast first-order reaction; hydrolysis in neutral or acid medium proceeds with the same rate [2]. Hydrolysis of 


F3B : NCsHs is not accelerated by F" ions, which accumulate in an alkaline medium to the extent to which the 
complex decomposes, 


A previous attempt [3] to study the kinetics of the hydrolysis of F,B : NHg did not yield quantitative data 
owing to the complexity caused by the conversion of BF,OH™ to BFg. In the present work, a new method was 
used to study the kinetics of the hydrolysis of F;B ; NHg; this method is based on the determination of the con- 
centration of F;B; NH; remaining unhydrolyzed at a given time. The determination was based on the slowness 
of the hydrolysis of F,;B : NHg in neutral or acid solution and its rapid decomposition in a strongly alkaline 
medium; a cooled sample of the solution being investigated was neutralized to a methyl orange end-point in 
the presence of an excess of CaClg, an excess of standard base was then added to the sample until an intense 
thymolphthalein color was obtained, and then, after 10-15 minutes, the excess base was back-titrated with 
acid to a methyl orange end-point. With this procedure, the consumption of base corresponds to the equation 


2F 3B : + 3Ca?+ + + 2H,0 = 2NH} + 2H3BO, + 3CaF, }. (2) 


This same method was also used for the study of the kinetics of the hydrolysis of F5B : NHgCH3. 


The rates of hydrolysis of F,B : NHg and F3B ; NHgCHg were low; hydrolysis proceeded according to a first- 
order equation, and it was neither catalyzed nor inhibited by Ht ions (in experiments in ~0.25 N HCl). Hy- 
drolysis of both compounds was accelerated by the presence of F” ions; it was simultaneously retarded by the 
formation of BFz. The rate of hydrolysis in the presence of F~ ions was approximately proportional to their 
concentration; with a constant concentration of NaF during the course of the experiment, the hydrolysis was a 
firstorder reaction; however, the rate constant determined under these conditions is the sum of two values; 


hp =k + ha[F, (3) 
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where k is the rate constant for the hydrolysis in water, and kg is the rate constant for a second-order process 
(in moles” .liters+ minutes), Acidification of the NaF solution to a pH of 5.2 did not eliminate the cata- 
lytic action of F~. 


The temperature dependence of the rate constant k was quite well expressed by the usual relation 


Ig k’ = 1g (0.4343k) = A— 2. (4) 


The quantitative characteristics of the kinetics of the hydrolysis of the substances investigated are pre- 
sented in Table 1, in which data are also included for the hydrolysis of BFg (the reaction is first-order, and is 
catalyzed by H* ions) [4]; values calculated for the hydrolysis rate constant at 25° are also included, 


TABLE 1 


Temperaturd Coefficients for | 0.4343 k at 


Compound rs Equation (4) 
region, °C E, kcal. 


(dil. soln.) 20—80 
BF (conc, soln.) 20—80 
F3B : 0—30 
NHg3 25—80 
FsB NH2CHs 70—100 


The apparent activation energy for FB; NH3, calculated for a second-order process from the temperature 
dependence of kg, agreed substantially with that found for the hydrolysis; in the temperature range studied 


( 25-80°), log kp was 0.9 larger than log k. For F3B: NHgCHg, the temperature dependence of log kg is given by 
the equation 


5600 , 


= 13.64 — = 95.6 kcal. (5) 


The hydrolysis of FB ; NHgCHg was sharply accelerated in NaHCO, solutions saturated with carbon dioxide; 
it was especially sharply accelerated if the carbon dioxide was removed from the solution, thereby _increas- 
ing the concentration ratio [coz] / [HCO,F; consequently, CO?” ions catalyze the hydrolysis more strongly 
than ions. 


According to our preliminary data, the hydrolysis of F3B : NH(CHg), is catalyzed by F” and OH’ ions, 
and it proceeds at almost the same rate as the hydrolysis of FsB: NHgCH3. The rate of hydrolysis of F5B ; NHgCgHs 
could not be studied quantitatively, since the material is only sparingly soluble in water; in NaOH solutions, 


this substance decomposes very rapidly, the decomposition rate apparently being limited by the rate at which 
it dissolves, 


Discussion. Since the rates of hydrolysis of FB : NCsHs and BF, do not depend on the basicity of the solu- 
tion, they must be determined by the rates of solvolytic dissociation of the complexes; the high electronega - 
tivity of fluorine and the structure of the electron cloud of boron provide a basis for the assumption that these 
processes are S,;1 nucleophilic substitutions. This is also true of the hydrolysis of complexes of BF; with NH, 
and NHgCHs; they decompose rapidly in a strongly basic medium, but the rate of hydrolysis is not determined 
by OH” ions arising through the dissociation of water — this is shown by the fact that the hydrolysis of the com- 
plexes is not retarded by the presence of HCl. 


Acceleration of the hydrolysis of complexes of BF, with NH, and NH,CH, in the presence of F” ions is 
not the result of the reaction taking place by the mechanism usually assumed for Sy2 processes (an attack on 
the complexes by F ion, replacing the amino group), since in such cases decomposition of the complexes 


e.u. 
| | 
7.44. | 3730 3.98-10-¢ | 17.4 | —34 
7.554 | 3921.5 2.52-10-8 17.95 —32 
oo 12.82 4448 7.94.10-3 20.3 — 8.3 
ag 14.70 5945 5.75-10-8 27.2 0.3 
15.95 6845 9.8 -40-8 31.3 6.0 
= 
| 
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would be accompanied by the formation of equivalent amounts of BF, , which is contradictory to experiment; 


moreover, the substitution of the amino group by F” or by the more nucleophilic OH™ should proceed more 
readily in the less stable complex of BF, with pyridine. 


The catalytic action of F~ is perhaps explained by the following hypothesis: coordination of ammonia 
to boron trifluoride, which is accompanied by donation of an electron pair by N to B, increases the acid pro- 
perties of the hydrogen of the ammonia and its ability to form hydrogen bonds (this is apparent in, for example, 


the ability of F3B: NH, to add a molecule of ammonia [5]). In connection with this, a rapidly established 
equilibrium exists in the solution: 


NHg + F3;B (6) 


The addition of a negative ion must weaken the [B €-N] bond in the complex and facilitate its solvolytic 


dissociation; if this process also proceeds by an Sy1 mechanism, the overall rate of hydrolysis of F;B ; NHg will 
be given by the equation 


dC 
— + = C, (7) 


where C is the concentration of F;B: NHj. Equation (3) follows from Equation (7). The constant kg is the pro- 
duct of the rate constant for the hydrolysis of BF,;: NH3...F~ and the equilibrium constant for the formation of 

this complex; the apparent activation energy is, consequently, the sum of the activation energy and the heat 

of formation of Eg from ; and F;B; NHg...F~ and and F . 


The acceleration of the decomposition of F,;B ; NHg and F;B ; NHgCH, in the presence of HCO,, oct” and 
OH” ions is apparently caused by similar processes; direct rupture of the [B<— N)bond as the result of an attack 
on the complexes by these ions seems improbable if one compares, as above, their properties and those of 
F5B NCsHs. 


With the mechanism assumed for the hydrolysis of 
kcal. the complexes, the action of the various anions must 
\, increase, as in the case of an Sy2 mechanism, in the 
du order of increasing basic properties (F_ < HCO; < coz- < 
< OH”); these anions must also accelerate the hydrolysis 
of compounds of BF, with other primary and secondary 
amines, but not with tertiary amines, This is in agree- 
ment with the distinct qualitative difference between 
the kinetics of the hydrolysis of BF, or FsB : NCsHs and 
See those of the hydrolysis of compounds of BF, with NHg, 
10 NH NH(CHg),, and NHgCgHg. 
pK of ligand ——~— 


Another possible explanation leads to the same 
conclusions; the increase in the pH of a solution con- 


g etc. the dissociati 
the hydrolysis of BF; complexes on pK of the basic 


+ - 
dssoclation of the ligands. Ligands: 1) neutal complex; doting the Hud 
NCsHs, 3) 4) NH,CH3. pidly p g y 


of the hydrolysis rates in water, the rapid decrease in 
pH suppressed the dissociation of the F,B ; NHg and eli- 
minated its effect on the rate of hydrolysis, 


. Fig. 1. Dependence of the energy of activation of 


Figure 1 shows that the activation energy of the hydrolysis of boron trifluoride complexes increases regu- 
larly with an increase in the basic properties of the ligands; a connection exists between the thermodynamic 
properties of the ligand and the transition state. In spite of the relatively low value of E, the hydrolysis of BF{ 
is slow owing to the very low entropy of activation, AS *, It is well known [6] that in a number of cases the 
change in AS* for a series of analogous reactions is proportional to the standard entropy changes of the processes, 


As®, It can be shown that the difference in AS° for the dissociation of BF4 and F5B; NHs in the gas phase fs large, 
since F does not have a rotational contribution to its entropy. However, the effect of the change in symmetry 
number and of the change in the number of vibrational degrees of freedom decrease this difference; approximate 
calculations based on the use of the equations of statistical thermodynamics have shown that this difference does 
not exceed a few entropy units. 


Consequently, if a proportionality exists between As# and As®, the second value depends essentially on 
the effect of solvation; the effect of solvation on AS” is confirmed by the fact that the hydrolysis of BFg in an 
aqueous-alcoholic medium [7] proceeds more slowly than in water, owing to a decrease in AS, Ordering 
of the structure of water through the action of the ion field leads to a decrease in the entropy; the effect of 


the small F~ is greater than that of the larger BFg. The effect of solvation on AS° of the dissociation of BF; 
complexes with amines must be smaller. 


A proportionality between entropy and entropy of activation is sometimes apparent for a series of analo- 
gous reactions [8]. Indeed, for F;B;Am the relationship As# = 1.325 E — 35.4 exists (see Table 1), but this 
equation does not apply to the kinetics of the hydrolysis of BF4. 


H* ions catalyze the hydrolysis of BF,, SO,F~, PFg, and,probably, other complex fluorine-containing 
anions owing to outer sphere association caused by the attraction of the ionic charges; this facilitates the elim- 
ination of HF. This mechanism is excluded for neutral molecules F,B; Am; the addition of H* to an un- 
shared pair of electrons on one of the fluorine atoms of the complex does not proceed to such an-extent that 
it affects the kinetics of the hydrolysis. 


The rapid decomposition of BF,OH~ in a basic medium is apparently connected with an inner sphere trans- 
fer of a proton and the subsequent processes of HF elimination and the addition of water: 


F 
= HF + F,BO- 

OH 


F,BO- +- H,O = [F:B(OH)2]- = HF + FB (OH)O- 


An analogous explanation holds for the rapid decomposition by a base of other fluorine-containing com- 
plexes of boron, for example, Ke[B,0,F OH] or Nas[B,O,F¢] [1] (in this case, a dynamic equilibrium exists be- 
tween B,O,Fg_ and BOF, or F,B(OH),). This same mechanism also explains the rapid decomposition of hydrox y- 
fluorine complexes of a number of other elements, for example ([AsFsOH] [9]. 


The high rate of hydrolysis of compounds of BF, with ethers, alcohols, etc. is connected with the weakness 
of the basic properties of the ligands. 


The kinetics of the hydrolysis of fluorine-containing complexes of the majority of other elements has 
not been studied, and hypothesizing on the mechanism of their hydrolysis can have no quantitative basis. It is 
possible that the slow hydrolysis of coordinately saturated PFg and AsFg proceeds by an Sy1 mechanism in 
which, as in the case of BFg, As*® has a high negative value; the values of E for these compounds, which are 
thermodynamically unstable in aqueous solutions, are hardly high. The rapid hydrolysis of the hexafluoro com- 
plexes of the transition metals (VFg, NbFg) can be connected with the addition of molecules of water (due to 
the unfilled d-bands of the metal atoms) and to the elimination of HF as a result of inner-sphere transfer of 
protons, 
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HYDROGEN-EXCHANGE REACTIONS OF ALKYL CHLORIDES WITH HYDROCHLORIC 
ACID AND OF TERTIARY BUTYL ALCOHOL DURING 
THE SUBSTITUTION OF HYDROXYL BY CHLORINE 


V.N. Setkina and Corresponding Member AN SSSR D. N. Kursanov 


The reaction of tertiary aliphatic alcohols with a saturated aqueous solution of hydrogen chloride pro- 
ceeds at a high rate and practically irreversibly with the formation of the corresponding alkyl chlorides. 


R R 


Ri—C — OH + HCI = Ri— C— Cl + H,0 


R, (Saturated 
aqueous solution? ki 


There are no reliable data in the literature on the mechanism of this reaction; however, the mechanism of the 


reverse reaction — the hydrolysis of tertiary alkyl chlorides — has been established [1], and is a monomolecular 
nucleophilic substitution reaction (Syj1). 


It may be assumed that the reaction forming tertiary chlorides from the corresponding alcohols proceeds 
by a carbonium ion mechanism. 


In the present work, our investigation was directed toward a determination of whether this reaction is 
accompanied by hydrogen exchange. It is evident that the presence of deuterium in the resulting chlorides 
would serve as an indication of the formation in an intermediate stage of this reaction of a rather long-lived 
carbonium ion [2]. 


With this aim, the reaction of tertiary butyl alcohol with a saturated aqueous solution of hydrochloric 
acid enriched with deuterium was investigated. The investigation showed that the tertiary butyl chloride, 
which formed at a high rate, contained only an insignificant amount of deuterium. Moreover, on further con- 
tact of the chloride with hydrochloric acid-d, the deuterium content of the tertiary butyl chloride increased; 
for example, with a 38-hour contact time, the depth of exchange exceeded 30%* (Table 1). Similar results 
were obtained with other tertiary chlorides; tertiary amyl chloride and 1-methyl-1-cyclohexyl chloride. 


It was established that the number of hydrogen atoms exchanging with deuterium corresponded only to 
the number of a-hydrogen atoms. Under these same conditions, a primary chloride — butyl chloride — did not 
enter into the hydrogen-exchange reaction ( Table 2). 


Numerous investigations [4] of the mechanism of various solvolytic reactions of tertiary alkyl halides 
have shown that all of these reactions take place by an Sy1 mechanism, and the stage determining their rate 


Our data regarding the absence of hydrogen exchange during the course of the reaction of tertiary alcohols 
with hydrochloric acid are in agreement with the data of Shull and co-workers [3], who established that during 
the course of the preparation of tertiary butyl-dg chloride from tertiary butyl-dg alcohol and hydrochloric acid, 
there is no observable hydrogen-deuterium exchange. However, on the basis of the present investigation it must 
be considered that there is a significant change in the isotope composition of the chlorides during lengthy con= 
tacting of the components. 
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is the fonization of the tertiary halides, It is evident that this reaction of tertiaryhalides with hydrochloric 
acid-d must also be a particular case of solvolytic monomolecular reactions. On this basis, it would seem that 
the hydrogen exchange reaction of tertiary alkyl halides is connected with their ability to ionize in a hydro- 
chloric acid solution, which has a high dielectric constant. The nature of the ionization of the chlorides can 


vary from a state of ion pairs to solvated carbonium ions. Hydrogen exchange is a consequence of the ioniza- 
tion of the chlorides. 


TABLE 1 


mole ratio calc. for 
Alcohol alcohol/DC1 exchange found 


of all H 


xchange, 
% of calc. 


Experimental conditions EDCW* of chloride,y/ml 


(CHs)sC — OH : 7800 
Same 42960 
31.42 40750 
40750 


*Here and elsewhere, EDCW denotes excess density of combustion water. 


TABLE 2 


Expt. conditions |epcwof chloride, Exchange, 
Chloride mole reaction! calculated % of cal- 


_|ratio i 
chloride ling wd for all for culated for 
DCcl a-H a-H 


ours 


CH,” 
CH, CH,CH. 

:2.4 | 113 38570 


: 3.3 250 30250 


3.6 105 58200 


23.4 


90.7 
n~C,H,Cl 4 . 3 


The fact that only the a-hydrogen atoms of the chlorides participate in the hydrogen exchange could be 
due to the impossibility, under the conditions investigated, of the carbonium ion center migrating along the 
carbon atom chain owing to the attraction of the carbonium ion center for the anions (in ion pairs); or it could 
be due to the effect exerted by the solvate shell of the carbonium carbon (in free carbonium ions), 


The absence of deuterium in the tertiary butyl chloride formed as a result of the fast process of nucleo- 
philic substitution of hydroxyl by chlorine during the interaction of tertiary butyl alcohol with hydrochloric 
acid-d, permits the assumption that either carbonium ions are not formed at all during the course of this reac- 


tion or their lives are so short that they cannot exchange to any appreciable extent with the acid donors of 
deuterium. 


Apparently, the first proposal is the more probable, An instance, described in the literature [5], in which 
optical activity is retained during substitution of hydroxyl by chlorine at an asymmetric carbon supports this 
viewpoint. This concept corresponds to a synchronous reaction mechanism: 
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| 4 30 0.4 

2 4000 2.3 
3 445 4.4 
4 12470 31.0 

Expt. 

55700 | 96.0 

2 30530 | 79.2 

a 3 To 2Ke 29890 | 98.8 
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EXPERIMENTAL METHODS* 


Reaction of tertiary butyl alcohol with a saturated aqueous solution of HCl. I. 7.55 g (102 mmoles) of 
tertiary butyl alcohol, freshly distilled over calcium hydride, was agitated for 10 minutes with 11.55 g (125 
mmoles HCl) of 40% hydrochloric acid having an excess density of 10,000 y/ml. The chloride layer was 
washed with ice water, bicarbonate solution, ome with betas dried over CaClg, and distilled, The resulting 
chloride had the following constants; b. p. 52°, ny 1.3847, d3° 0.8425, EDCW 30 y/ml. The EDCW calculated 
for the exchange of 9 H is 7800 y/ml. The investigation showed that hydrogen exchange does not occur during 
the exchange of the hydroxyl of an alcohol for chlorine under the influence of HCl. 


Il. 7.61 g (103 mmoles) of tertiary butyl alcohol and 12.71 g (138 mmoles HCl) of a saturated solution 
of hydrochloric acid having an excess density of 79,000 y/ml were ; Sanaa for 30 minutes. The resulting 
tertiary butyl chloride had the following constants: b. p. 50-51", nfy 1.3848, 0.8400, EDCW 1000 y/ml. 
The EDCW calculated for the exchange of 9 H is 42,960 y/ml. 


II. 7.80 g (105 mmoles) of tertiary butyl alcohol was agitated with 12.6 g (138 mmoles HCl) of hydro- 
chloric acid having an excess density of 80,500 y/ml. A sample of the chloride taken after 10 minutes had 
the following constants; b. p. 50-50.5°, ny 1.3850, d3° 0.8436, EDCW 445 y/ml. The chloride separated after 
38 hours of agitation had a b. p. of 49-50°, nZy 1.3841, d3° 0.8519, EDCW 12,470 y/ml. The EDCW calculated 
for isotope equilibrium is 40,750 y/ml. 


Hydrogen exchange between tertiary butyl chloride and hydrochloric acid, 3.95 g (43 mmoles) of tertiary 
butyl chloride (b. p. 52°, nee 1.3852, d2? 0.8435) and 14.17 g (155 mmoles HCl) of a saturated aqueous solution 
of hydrochloric acid having an excess maak of 80,500 y/ml were agitated in a sealed tube for 105 hours. The 
resulting chloride had a b. p. of 51-52", n?? 1.3830, d2° 0.8899, EDCW 55,700 y/ml. The EDCW calculated 
for the exchange of 9 H is 58,200 y/ml. 


Hydrogen exchange between tertiary amyl chloride and hydrochloric acid. I. 4.1 g (38.5 mmoles) of 
tertiary amyl chloride (b. p. 82°, nff 1.4043, d2° 0.8627) and 8.38 g (91.8 mmoles HCl) of hydrochloric acid 
having an excess density of 80,500 y/ml were agitated for 113 hours, The resulting chloride had a b. p. of 
83°, nfy* 1.4016, dq” 0.8954, EDCW 30,530 y/ml. The EDCW calculated for the —— of 8 H is 38,570 
y/ml. 


Il. 2.48 g (23.3 mmoles) of the chloride and 6,94 g (76 mmoles HCl) of hydrochloric acid (80,500 y/ml) 
were agitated for 250 hours, The EDCW of the chloride after the experiment was 29,890 y/ml; the EDCW cal- 
culated for the exchange of 8 a-H is 30,250 y/ml. 


Hydrogen exchange between 1-methylcyclohe a chloride aod hydrochloric acid, 1. 3.28 g (25 mmoles) 
of 1-methylcyclohexyl chloride (b. p. 58°/30 mm, 1.4572, a? 0.9666) and 7.70 g (84 mmoles HCl) of 
hydrochloric acid (80,500 y/ml) were agitated for 106 hours. The resulting chloride had a b. p. of 69-70°/ 
42-43 mm, nty 1.4567, d2° 0.9967, EDCW 23,240 y/ml. The EDCW calculated fot the exchange of 7 a-H is 
32,970 y/ml. 


Il. 3.33 g (25 mmoles) of methylcyclohexyl chloride and 6.37 g (73 mmoles HCl) of npremnnse acid 
(e. 000 y/ml) were agitated for 250 hours. The resulting chloride had a b. p. of 49,.5°/24-25 mm, ny 1.4569, 
d%° 0.9920, EDCW 18,590 y/ml. The EDCW calculated for the exchange of 7 a-H is 20,480 y/ml. 


Hydrogen exchange between normal butyl chloride and hydrochloric acid. 2.25 g (24 mmoles) of n-butyl 
chloride (b. p. 78°, n¢? 1.4015, d2° 0.8850) and 9.91-g (109 mmoles HCl) of hydrochloric acid (41,870 y/ml) 
*A.N. Astakhova and L. E. Andreeva assisted in the experimental work. 
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were agitated for 110 hours. The resulting chloride had a b. p. of 77-78°, ney 1.4014, d2° 0.8869, EDCW 414 
y/ml. The EDCW calculated for the exchange of 9 H is 31,900 y /ml. 
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COLOR EFFECTS IN N-PHENYLGLYCYL DERIVATIVES OF 
a-AMINOANTHRAQUINONE 


E. A. Smirnov 


(Presented by Academician B. A. Kazanskii, January 22, 1958) 


The derivatives of a-aminoanthraquinone considered in the present communication can be classed with 
those compounds having two electron donor systems, i.e., with compounds which have besides an electrophilic 
chromorphoric system, two electron donor systems which arenot conjugated with each other. These compounds 


correspond to the general formula 1, where A is H, CH 3, OCHs in an o-, m-, or p-position with respect to the 
NH. 


NHCOCH,NHCgH,A 


Derivatives of anthraquinone with one substituent in the a- or 6 -position have been studied in detail by 
numerous investigators [1-8]; however, compounds of the type of I have not been described in the literature. 


TABLE 1 
NHCOCH, NHCgH,A 


Color of Compounds of the Type eae _ 


Color of the substance 


A‘K electron donor system 
in crystals in powder 


— NHC,H, (11) Light red Orange-red 

— NHC,H,CH,-o (111) Orange Yellow -orange 
— NHC,H,CH,-m (IV) Red Brownish red 
— NHC,H,CH,- p (V) Cherry red Brown-red 

— NHC,H,OCH,-o (V1) Red Brick red 

— NHC,H,OCH,- m (VII) 

— NHC,H,OCH,-p (VIII) Claret red Red-brown 
— NHC,H,-« (1X) Violet-red Claret red 
— NHCiH,-8 (X) Dark red Cherry red 


In contrast to compounds, previously studied by us, which contained two electron donor systems and in 
which the electrophilic system was an acylnitrobenzoic acid (m- or p-) [9] or an acyl-3,5-dinitrobenzoic acid 
[10], the electrophilic system BK in compounds of the present type is an anthraquinone molecule. The latter 
is a stronger chromophoric system than acylnitrobenzoic acids; this is apparent if only from the fact that anthra - 
quinone has a visible color (yellow), while nitrobenzoic acid is colorless, The acylamino group together with 
the double bonds of one of the anthraquinone rings to which it is attached may be considered as the first elec- 
tron donor system (AK). It is true that this ring simultaneously enters into the make-up of the electrophilic 
system, since actually the CO and NHAc groups in the present case are parts of the same chromophoric system. 
Conditionally, however, such compounds must be considered as “compounds with superimposed chromophoric 
systems" [11]. The second electron donor system (A'K) is separated from the electrophilic system by a series 
of groups which disrupts the conjugation of the double bonds, and thus is an “isolated chromophoric system.” 
The systems AK and A'K differ greatly with respect to their electron donor properties. The system AK exhibits 
only very weak electron donor properties, since the ability to donate of the amino group entering into the com- 
position of this system is suppressed to a considerable extent by the acyl group attached to it. Therefore, a- 
chloroacetamidoanthraquinone (I) — which was the starting material for the compounds under consideration, 
and which has only one electron donor system, AK — is only colored yellow. 


The system A'K is a considerably stronger electron donor system, since it contains an amino group un- 
weakened with respect to donating ability by acylation, and, moreover, this system is strengthened by the pre- 
sence of a second electron donor group, CHs or OCH. As may be seen from Table 1, all compounds contain- 
ing the system A‘K have considerably deeper color than the mother compound (1), which contains only the 
system AK. Hence, we may make the following basic conclusion; the comparatively deeper colors of the 
compounds under consideration are due to the interaction of the systems A'K and BK, But since these systems 
are not conjugated with each other, this interaction must be accomplished through exomolecular forces [12]; 
The presence in the anthraquinone nucleus of a NHAc group is, in the present case, an unfavorable factor for 
the appearance of color, since it decreases the electrophilic properties of the system BK to some extent and 
thereby leads to a lighter-colored compound. Therefore, it would be expected that, for example, compounds 
having structures in accordance with Type II (analogous to our previously considered nitrobenzyl derivatives 
[13]), in which the same electron donor system, A’K, but not anacylamido group, is present, will have a deeper 


color than the present compounds, 
CHgNHC,H,A 
Teme 
co 


Further, it is interesting to note that not one of the compounds under consideration can be obtained in a 
less deeply colored form, the color of which can be explained by the interaction of the systems BK and AK with 
disruption of the interaction between the systems BK and A'K. Such forms have been isolated by us [9, 10] in 
other series of compounds with two electron-donor groups. The explanation of this must apparently be sought 
in the fact that the electrophilic system in anthraquinone derivatives is considerably stronger, and, therefore, 
its interaction with the system A*K, which occurs in the substance in the solid state, is more difficultly disrupted. 


As regards the absorption spectra of anthraquinone derivatives containing various substituents in the a- and 
B -positions, they have been studied in detail by a number of investigators [4-8], and, therefore, we shall limit 
ourselves to the presentation of only three absorption curves. A feature of the present compounds is the presence 
in their substituent (the acylamido group) of a second electron donor system (isolated). In Fig. 1 are presented 
the absorption curves for two compounds containing both electron donor systems (AK and A"K) and for one com- 
pound which has only the system AK. In considering these curves, we first of all direct attention to the high 
degree of similarity among them in spite of the fact that the compounds corresponding to them differ consider- 
ably in color when in the solid state. Thus, for example, the compound which does not contain the system A'K 
(I) is yellow, and the compound with a p-CHg group (V) is cherry-red. In this respect, the absorption curves are 
substantially different from those for reflected light, which indicate a difference in the color of these three 
compounds (Fig. 1). This similarity among these absorption curves, which is apparent both with respect to 


¥ 
an 
4, : 
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form and with respect to the position of the maxima, can be considered evidence that the basic factor dictating 
the comparatively deep color in the solid state of the compounds being considered, namely, the interaction of 
the electron donor system A‘K with the electrophilic system BK by means of exomolecular forces [12], is ab- 
sent in highly dilute solutions. However, in more concentrated solutions (0.5+107? M, in pyridine), this interac- 
tion begins to appear, and in the corresponding curves (Fig. 2) two absorption bands appear in the visible region. 


As seen from these curves, this band is still quite undetectable in solutions which are ten times less concentra- 
ted. 


In conclusion, it should be noted that all of the compounds synthesized by us possess the properties of vat 
dyes; they are reducible by sodium hydrosulfite [sodium dithionite] giving an intense red color to the vat in 


which cotton fiber is dyed, though only to a light cream color (various shades), This indicates the low sub- 
stantivity of the present dyes. 


EXPERIMENTAL 


The starting material for the preparation of the compounds under consideration was a-chloroacetamido- 


anthraquinone (I), which we synthesized by the method of reference [14]. M. p. 220.5-220.8° (not described 
in the literature). 


N-(p-Tolylglycyl)-1-aminoanthraquinone (V). 
A mixture of (I) and p-tolv! Jine (1:2 mole ratio) was 
heated for an hour on an oil bath at a temperature of 
110-115°. The cooled mixture was treated with dilute 
HCl, and was then washed with water, a solution of 
soda, and again with water, After recrystallization 
from chlorobenzene, the product was obtained in the 
form of cherry-red prisms with a m. p. of 250.5-251.0°. 


Found %: N 7.53. Calculated 
N 7.57. 


700 00 200 mye All succeeding preparations were prepared in an 
Pinwintiniiis 2 analogous manner. The only changes were occassional 
variations in the temperature and the time of heating; 
these will be indicated in the individual cases. 


Fig. 1. Absorption curves of a-aminoanthraqui- 


none derivatives of the type; N-(m-Tolylglycyl)-1-aminoanthraquinone (IV). 
The product was recrystallized from toluene. The red 
prismatic crystals had a m., p. of 172-173", 


A 


Found %; N 7.71. Calculated %:; 

N 7.57, 

1) a-chloroacetamidoanthraquinone, 2) A'K = 

= NHCgHsg, 3) A'K = NHCgH,CH; (para) (in dich- N-(0-Tolylglycyl)-1-aminoanthraquinone (III). 

loroethane). The bath temperature was raised to 125-127°. The 
heating time was prolonged to 1 hour and 15 minutes. 

The product was recrystallized from isoamyl alcohol. The orange rectangular prisms had a m. p. of 185-186". 


Found %; N 7.81. CogHygO3Ng. Calculated %; N 7.57. 


N-(p-Methox yphenylgl ycyl)-1-aminoanthraquinone (VIII). The product was recrystallized from aniline. 
The prismatic crystals were red with a m. p. of 207-208". 


Found %; N 7.46. Calculated %; N 7.25. 


N-(m-Methoxyphenylglycyl)-1-aminoanthraquinone (VII). The product was recrystallized from toluene. 
The cubic crystals were red with a m. p. of 146.5-147.0°. 
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Found N 7.39. Calculated %: 
N 7.25, 


N-(o-Methox yphenylglycyl)-1-aminoanthraqui - 
none (VI). The product was twice recrystallized from 
toluene, The elongated rectangular plates were red 
with a m. p. of 196-197°, 


Found %:; N 7.43. Calculated 
N 7.25. 


= 
T 


Optical density 
8 


3 


400 my 

N~-(Phenylglycyl)-1-aminoanthraquinone (II). 
After recrystallization from aniline, the prismatic 
crystals were light red with a m. p. of 116-117". 


Fig. 2. Absorption curves of a-aminoanthraquinone 


derivatives of the type: Found %; N 7.91. CggHygO3N2. Calculated %: 


N 7.87. 


JON, 
HCOCH,NHC,H,A 


N-( 
(in pyridine, 2 = 0.1 cm). 1) A=H, C=0.5° 10-°M, (IV). The product was recrystaliized from toluene. 
2) 3) A=p-OCHs, C= 0.5 The violet-red, wedge-shaped crystals had a m. p. 
-10-°M, 4) A=p-OCHsg, C = 0.5°107*M. of 239-240", 


Found %; N 6.27. CogHygO;Ng. Calculated %: 
N 6.09. 


N-(8 -Naphthylglycyl)-1-aminoanthraquinone (X). The product was recrystallized from pyridine, The 
dark-red, prismatic crystals had a m, p. of 234,5-235.0°. 


Found %: N 6.21. Calculated N 6.09. 


As a rule, the synthesized compounds were rather readily soluble in pyridine, less so in toluene, chloro- 
benzene and dichloroethane, still less soluble in benzene and acetone, and difficultly soluble in alcohol. 
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ACYLATION OF A SERIES OF AROMATIC COMPOUNDS 
IN THE PRESENCE OF METALS 


I. P. Tsukervanik 
(Presented by Academician A. A. Balandin, February 5, 1958) 


In some old publications related to Zincke's studies of reactions, there are described a number of attempts 
to acylate aromatic hydrocarbons with acyl chlorides in the presence of zinc dust and iron [1-4]. Good results 
were obtained only in the benzoylation of naphthalene, A recent patent [5] proposes this reaction for the syn- 
thesis of 1,5-dibenzoylnaphthalene. 


However, it should be noted that benzoylation of naphthalene, biphenyl, and anthracene takes place 
rather readily without a catalyst as a thermal reaction [6]. 


Indian authors, studying the activity of metals (uranium, cerium, titanium, and chromium) in various 
condensation reactions, obtained small yields of ketones from acetyl chloride and benzoyl chloride and ben- 
zene 


Through experiments based on our work on homolytic acylation of aromatic rings [8-10], we have confirm- 


ed that it is possible to carry out acylations in the presence of various metals. In these experiments, which were 
carried out in a flask fitted with reflux condenser, a mixture of the acyl chloride and the aromatic compound 
was heated (90-150°) with powdered copper, tungsten, or molybdenum; 0.05-0.01 gram-atom of the metal was 
used for each mole of acyl chloride. The condensation was accompanied by considerable evolution of hydrogen 
chloride, which ceased after 4-16 hours (simultaneously, the acyl chloride in the mixture disappeared). 


The mixture was decanted from the catalyst, and, after a water wash, it was fractionated. When copper 
was used, a certain amount of Cu,Cl, was formed; the other metals were not changed appreciably, and could be 
used in further experiments, 


Under a given set of conditions, the results of the acylation depend on the boiling point of the acyl chlor- 
ide and the mobility of the hydrogens of the aromatic ring. The benzoylation of anisole and m-xylene pro- 
ceeded the most readily, the yield of ketones being close to theoretical. Control experiments in which the 
benzoylation was carried out under the same conditions without a catalyst failed to yield any ketones, 


Toluene gave 50% p-methylbenzophenone, benzene gave 20% benzophenone, and chlorobenzene gave 
only traces of ketone. Much unreacted benzoyl chloride was recovered in the last three reactions. 


Attempted acetylations of benzene and toluene were unsuccessful, but m-xylene gave 20% 2,4-dimethyl- 
acetophenone, and anisole gave 30% 4-methoxybenzophenone. The reaction proceeded somewhat better with 
butyryl chloride and still better with caproyl chloride (60% 4-methoxycaprophenone). It is evident that other 
conditions must be selected for reactions with low-boiling acyl chlorides, 


We believe that the present method of acylation of aromatic compounds possesses advantages in com- 
parison with reactions in the presence of aluminum chloride. 


The results of several reactions are presented in Table 1. The physical constants of the substances and 
of their derivatives, also presented in the table, are in agreement with the literature values. 


| 


(,961-S6T) 
(.981-¢g1) 


(,eg1) 


(.691 ) 


) 
(081-SLT ) suozesphy 
(rT) 
SATPATIOP ONTUIG 
(,1Z1 ) 


01/901—¥01 
0¢/091—6S1 


€/Z9}—091 


0b/8S1—9ST 


auousyd 


auousydois08 
auousyd 


auoueydoshing 

- 
ouousyd 

-oideok 


suousyd 
-ozuagk 
auousydoz 
suousyd 


suousydozuag 


S88 & & 8 


S 
uw 


06 


raddop 


umuapqk Tow 
seddoo 
*uinuepqk Tow 


raddop 


umuapgqh {ow 

oul 


Tow 
oD 


raddop 


* 


‘apriotyo 


[Aozueg 

hozueg 

Aozueg 

guezuag ‘aprioryo 


*ui) 


8H 
te d 


hoz 
uo paseq 


1? 
-I3A0 


{oO 


bier 


amieiod 


De 


T 


| 
: | 
a 
| 
he 
| 2 
| 
33 
“esc 
43 
| 


SUMMARY 


1. The acylation of an aromatic ring with acyl chlorides in the presence of powdered copper, molyb- 
denum, or tungsten was shown to be possible. 


2. The following yields were obtained; 4-methoxybenzophenone (95%), 2,4-dimethylbenzophenone 
(97%), 4-methox ycaprophenone (60%). 
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THE USE OF FRONTAL ANALYSIS IN GAS-LIQUID CHROMATOGRAPHY 
OF RADIOACTIVE AND NONRADIOACTIVE GASES 


M. I. Ianovskii and G. A. Gasiev 
(Presented by Academician S, I. Vol'fkovich, January 2, 1958) 


Gas-adsorption frontal analysis has not found widespread use in analytical practice in view of the fact 
that in this method the dynamics of adsorption in a layer of adsorbent is complicated by displacement pro- 
cesses associated with the mutual effect of the components of the mixture during their adsorption on the sur- 
face [1-3], whence it is impossible to determine the composition of the mixture directly from a frontal dia- 
gram. The calculations require exhaustive data on the adsorption isotherms of the mixtures and individual 
components over the entire concentration range studied. The insufficient development of the theory of ad- 
sorption of mixtures under static and dynamic conditions and the insufficiency of experimental material in 
this field limit the application of adsorption frontal analysis to a narrow range of systems which obey an ad- 
sorption equation of the Langmuir type [2, 3]. 
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Fig. 1. Frontal effluent curves of hydrocarbon gases. a) 0.98% CsHg 


in hydrogen; b) 0.98% C3Hg and 1.03% C4Hg; c) 0.98% CsHg, 1.03% 
C4Hg, and 2.93% n-CgHy,. 


In the present work, an attempt was made to use frontal analysis in gas-liquid chromatography, the de- 
velopment variant of which became widely used after the well-known work of James and Martin [4]. 


As is well known, under specific conditions of gas-liquid chromatography (low concentrations, low solu- 
bility of the gas in the liquid), it is possible to disregard the difference between the solubility of a gas in a 
mixture and the solubility of the pure gas. This is permissible owing to the absence of the mutual effect of 
the components in the gaseous and liquid phases; this considerably simplifies frontal analysis, and permits the 
determination of the composition of the mixture being analyzed without resorting to preliminary measurements 
and calculations —1.e., directly from the frontal diagram. 
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The experiments consisted of passing the mixture of substances being analyzed continuously through the 
column and taking the so-called frontal diagram, which characterizes the relationship between the concen- 
trations of components at the effluent end of the column and the volume of mixture passed through it. The 
basic elements of the experimental apparatus were a gas-liquid chromatographic column, which was filled 
with a specially treated inert packing (diatomaceous earth) impregnated with a high-boiling liquid (nitroben- 
zene, dibutyl phthalate, etc.), and a thermal conductivity gas analyzer with an EPP-09 recording potentio- 
meter. 
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Fig. 2, Frontal (a) and development (b) gas-liquid analysis of multi- 
component mixtures. 


In Fig. 1 are presented some frontal diagrams taken with a gas-liquid column (diatomaceous earth + 
dibutyl phthalate; length 1.65 m, d = 5 mm; flow rate 7 ml/minute), They indicate that it is possible, to a 
first approximation, to neglect the mutual effect of the components in the stationary phase; the beginning of 
the C3Hg step and its height show the same propylene content (0.98%) on each of the three diagrams in spite 
of the addition of butadiene and hexane. Hexane, in turn, has no effect on the height of the butadiene step 
(compare Figs. 1b and 1c). 


Figure 2 illustrates the analysis of an eight-component mixture (diatomaceous earth + nitrobenzene; 
length 16 m,d = 5 mm; flow rate 7 ml/minute). In Fig. 2b is shown a development gas-liquid chromatogram 
of 50 cc of a mixture of the same composition as the mixture used in the experiment represented by Fig. 2a; 
the chromatogram was obtained under the same conditions as were used for the frontal diagram (column length, 
carrier gas rate, accuracy of detection). A comparison of Figs, 2a and 2b shows that each step on the frontal 
diagram corresponds to a development peak. 


Frontal gas-liquid analysis can be used along with the radiochromatographic development method [5] 
for the rapid determination of the specific radioactivity of the components of a gas mixture, For this purpose, 
the gas mixture is passed through a radiometric detector, which is in parallel with (or subsequent to) the con- 
ductivity gas analyzer; the construction of the radiometric detector was described earlier [6]. The radiometric 
detector, into which is built a thin-walled end-window counter which is connected in parallel into the inte- 
grating circuit of a counting rate meter, permits the determination of the radioactivity of the gas stream at 
the effluent end of the column, The readings of the radiometric detector are recorded simultaneously with 
the readings of the thermal conductivity cell of the gas analyzer on a single strip chart. 
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A typical frontal gas-liquid radiochromatogram 
of a mixture of air, propylene, butadiene, and pentane 
in hydrogen is shown in Fig. 3 (diatomaceous earth + 
dibutyl phthalate; length of column 1.65 m d = 5 mm; 
gas rate 7 ml/minute). It shows that only two of the 
four components are radioactive (CsHg and C4H¢), 
since only for the propylene and butadiene steps on 
1208 Curve a are there corresponding steps on Curve b. 

; The specific radioactivity of the i component, 
L450 imp/cell be is readily determined as the ratio of the height 
min. of the step, Alj, on Curve b to the height of the 
AC; step on Curve a: 
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Volume of mixture passed, At the conclusion of the analysis, when no more 


new steps are registered on the frontal diagram, the 

column is desorbed; carrier gas (Hg) is passed through 
Fig. 3. Frontal gas-liquid radiochromatogram. a) it at the same rate until a stable null reading is 
Recordings of the readings of the thermal conductivity reached. This purging process can be used to record 
gas analyzer, b) recording of the readings of the a desorption frontal diagram, which is also sometimes 
radiometric detector. used to determine the composition of a mixture. The 

solid line ABCDE in Fig. 4 is a frontal diagram for a 
mixture of propylene and butadiene. At point E, which corresponds to the time at which feeding of the mixture 
of CsHg and C,Hg to the column was stopped, passage of hydrogen into the column was started. The resulting 
desorption curve A'B'C'D'E' is identical with the frontal diagram ABCDE, and can be combined with it by trans- 
posing the curve EA'B'C'D' at the point 0 so that the v axis coincides with the v' axis. The transposed curve 
A"B"C"D"E" is the mirror image of the frontal curve ABCDE. At the conclusion of the desorption experiment, 
the column is again ready to take a chromatogram. 
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Fig. 4. Adsorption and desorption frontal diagrams of mixtures of 
propylene and butadiene. 
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ISODEXTROPIMARIC ACID — A COMPONENT OF THE RESIN ACIDS OF 
THE OLEORESIN OF THE SIBERIAN CEDAR — PINUS SIBIRICA 
(RUPR) MAYR,. 


I, I. Bardyshev and Kh. A. Cherches 
(Presented by Academician B. A. Arbuzov, December 30, 1957) 


Systematic studies of the resin acids of the oleoresins of conifers have been carried out by V. V. Shkatelov 
[1] and B. A. Arbuzov [2]. 


The following resin acids have been found in the oleoresins of various native conifers; levopimaric (1) 
[3, 4], abietic (II) [5, 6], neoabietic (II) [7], palustric (IV) [8, 9], dehydroabietic (V) [9], and dextropimaric 
(VI) [3,4]. a- and 8 -Sapinic acids, which were formerly considered basic components of the acid part of the 
oleoresins of the common pine [3] and the common fir [4, 10], have been shown to be not individual acids, 
but mixtures of such acids as levopimaric, abietic, neoabietic, palustric, and dextropimaric acids [8]. 
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Isodextropimaric acid (VII), which is distinguished from dextropimaric acid (VI) only by the different 
steric positions of the substituents at Cz, was first isolated from the oleoresin of the American long-leaf pine 
Pinus palustris [11], but up to the present it had not been found in the balsams of native conifers. 


The present investigation showed that isodextropimaric acid, along with abietic acid [12], is a compo- 
nent of the acid part of the oleoresin of the Siberian cedar. 


EXPERIMENTAL 


The oleoresin was collected from a stand of Siberian cedar in the Gorno-Altai Autonomous Region. The 
trees were tapped by the downward cut method, The oleoresin collected in the receiver over a period of 4-7 
days. The oleoresin contained 18% turpentine. The resin acids of the oleoresin were converted to the sodium 
salts. The neutral material was removed from the solution of the salts by repeated extraction with ether. The 
salts were decomposed with a 0.5% aqueous solution of acetic acid, and the resin acids were obtained after 


the usual treatment (Fig. 1, 1); m. p. 66-70° and [a]p = 26.5° (all specific rotations were determined with 1% 
solutions in ethanol), 


Specific absorption 
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Fig. 1. Ultraviolet absorption spectra: 1) original Fig. 2. Crystals of isodextropimaric acid obtained by 
resin acids, 2) resin acids after treatment with recrystallization of the acid from ethyl acetate. 
maleic anhydride, 3) isodextropimaric acid. 


The resin acids (106 g) were dissolved in kerosene (b. p. 160-180°) and treated with maleic anhydride 
at 145-150° for 20 hours. The reaction product was dissolved in a 2% aqueous solution of sodium hydroxide, 
the neutral material was extracted with ether, and the salts were acidified to a pH of 6.2 by adding crystalling 
boric acid to the solution. This procedure resulted in 20 g of resin acids (Fig. 1, 2) with a m. p. of 65-73", 
[a]p =+24.1°. The resulting acids were converted by the usual method to the bornylamine salts, which, after 
two reer ystallizations from alcohol, meited at 178-180° and had [a]p = 0.0°, The bornylamine salts were de- 
composed with boric acid. Isodextropimaric acid, m. p. 162-164", was isolated from the thus obtained resin 
acids (m. p. 152-156°) by three recrystallizations from acetic acid. The elemental analysis, neutralization 
number, and ultraviolet spectrum ( Fig. 1, 3) were in complete agreement with those of isodextropimaric acid. 
The methyl ester of isodextropimaric acid, prepared by treating the latter with diazomethane, had its charac- 
teristic m. p. of 61-62°. 
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CONSTRUCTION OF CONODES IN TWO-PHASE REGIONS OF STRUCTURAL 
DIAGRAMS OF METALLIC SYSTEMS BY A MICROHARDNESS METHOD 


V.N. Vigdorovich 


(Presented by Academician A. A. Bochvar, February 8, 1958) 


The determination of the position of a conode in two-phase regions of structural diagrams is one of the 
most laborious operations in physicochemical analysis, especially during investigations of metallic systems in 
the solid state. Such a determination requires a knowledge of the chemical composition of the individual 
phases, and this constitutes the principal difficulty, However, using the microhardness method, it is possible 


to manage a solution to this problem. 
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Fig. 1. Additivity of increments of microhardness 
of a three-component solid solution with respect 
to incremental changes in microhardness in the 
corresponding two-component systems, The geo- 
metrical construction emphasizes the fact that a 
change in microhardness with composition for 
sections of the structural diagram of copper— 
aluminum~titanium at constant titanium content 
parallels its change in the system copper—alumi- 
num, and is shifted by a specific amount corres- 
ponding to the titanium content in the alloys . 


In work carried out previcuslyf 1, 2], it was shown 
that the nature of the experimentally determined micro- 
hardness isotherms ior various sections of three-compo- 
nent structural diagrams depends on the orientation of 
the sections investigated with respect to the conode, 
The present communication assumes the task of demon- 
strating the feasibility of using such changes in micro- 
hardness for the determination of the fixed position of 
the conode, 


tn die majority of cases of the formation of binary 
solid solutions in metallic systems, the increase in micro- 
hardness of the solid solution is proportional to its con- 
centration.* Without any appreciable deviations, an 
analogous relationship frequently holds for ternary solid | 
solutions (Fig. 1a). In confirmation of these positions, 
which were expressed in reference [3], an increment of 


-microhardness in a ternary solid solution in the system 


copper~aluminum—titanium* * also shows up as an addi- 
tive property of the microhardness in the corresponding 
binary solid solutions, An illustration of this property 
based on experimental data obtained by a specially de- 
veloped method [4], is presented in Figs. 1a and 1b. 


This relationship between the microhardness of 
a solid solution and concentration can be used to de- 
termine the position of the conode. Since any given 
value of the microhardness may relate to a series of 
solid solutions, it is additionally necessary to make use 
of one of the properties of conjugate points of the conode, 


*Generally speaking, the indicated dependence of microhardness of solid solutions can be represented as a curve 
convex from the concentration axis, However, the curvature of this curve is insignificant if the concentrations 
are not too high. Therefore, in the case of a limited solid solution — the more so, if it is small — this assump~ 
tion is fulfilled rather well and linearity is retained almost until the limiting concentration is reached. 

**The experimental data on this system are presented here as an example, 
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These points must lie on a surface of limited solubility. Consequently, considering this circumstance, it will 

be easy to find the concentration from the known value of the microhardness. It is simplest to use geometrical 
construction for this purpose. In Fig. 2, the required construction is carried out for an example in which the 
position of the conode is determined in the region of « + Cu,Ti on the structural diagram of the system copper— 
aluminum—titanium at temperatures of 500 and 850°. 
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Fig. 2. Construction of the conode in the region a + CusTi of 
the structural diagram for copper- aluminum—titanium at tem- 
peratures of 500 and 850° from data obtained by microhardness 
measurements. 1) Isoscleres, 2) solubility isotherms; I) 500°, 
II) 850°. 


At the start, the following data are required for carrying out such constructions. 


First, it is necessary to know the dependence of microhardness of the solid solution on concentration in 
the corresponding two-component systems, If these relationships are linear and there is experimental confir- 
mation of the additivity of microhardness increments of the three-component solid solution, then the depen- 
dence of microhardness on concentration is expressed as a plane having a general location such that it passes 
through the straight lines expressing the dependence of the microhardness in the corresponding two-component 
systems and such that the slope with respect to the concentration axes of both alloying components is deter- 
mined by the amount of hardening caused by one or the other component during solution. In connection with 
this, it is possible to confine oneself to the value of the dependence of microhardness on concentration for one 
of the two-component systems (either of the two variants can be used) and also to the value of the ratio of 
the hardening of the solid solution observed during the solution of one component to the hardening of the solid 
solution during solution of the other component. 


Second, it is necessary to study the common solubility of both components at those temperatures for which 
the position of the conode is being determined.* 


Third, it is necessary to have data from measurements of the microhardness of the solid solution in the 
two-phase region in which the position of the conode is being investigated. The investigation is carried out on 
annealed samples. The results of the measurements must relate to such a content of components in the alloy 
that microheterogenization of the crystals of the solid solution will have no effect on the value of the micro- 
hardness [1, 5-10]. For this purpose, an alloy is selected through which the desired conode must pass and which 
*It should be noted that not all points of a plane having a general position reflecting the dependence of the 
microhardness of the solid solution on concentration will correspond to actually realizable values. In a pro- 
jection onto plane of the concentration triangle, the region of points having specific physical meanings for 
equilibrium solid solutions will be limited to the solubility isotherm. 
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is located as close as possible to the solubility isotherm. It is possible to remove this limitation by subjecting 
the alloys, prior to the investigation of their microhardness, to a lengthy homogenization which is sufficient 

to eliminate microheterogenization of the crystals of the solid solution [1, 10, 11]. In this case, if the position 
of the conode is determined in two-phase regions located between the liquidus and solidus surfaces, hardening 


of the alloys is possible only out of the region of the solid-liquid state, which is limited by the surface of the 
beginning of linear shrinkage [11-13]. 


Then, from the known, measured values of the microhardness of the solid solution of the alloy in the 
two-phase region, lines of equal values of microhardness (isoscleres) are drawn. It is obvious that all isoscleres 
in a given three-component system will be parallel. Therefore, the first requirement for drawing isoscleres 
is the determination of this direction. For this purpose, in the case of the system copper—aluminum—titanium, 
for example, it is possible to make use of the known values of the hardening connected with the formation of 
solid solutions in the systems copper—titanium and copper—aluminum. Solution of titanium in copper causes 
greater hardening than does solution of aluminum in copper. Experiments have shown that the microhardness 
increases by 33 kg/sq. mm upon the introduction of 1% titanium into the solid solution and by 12.4 kg /sq. mm 
upon the introduction of 1% aluminum. Therefore, with equal scales on the axes, the isoscleres in the system 
copper—aluminum~—titanium intersect the concentration axis in the copper—aluminum system at intercepts 
which are 2.66 times greater than the intercepts of the isoscleres on the concentration axis in the copper~tit- 
anium axis (33.0;12.4 = 2.66). After the direction of the isoscleres has been established, for drawing the iso- 
cleres from the given values of the microhardness it is possible to make use of the relationship between micro- 
hardness and concentration in any of the two-component systems. In Fig. 2 is shown the construction of the 
conode at 500° from the known dependence of microhardness on concentration in the copper—titanium system 
and at 850° from this same relationship in the copper—aluminum system. 


The isosclere is drawn to the intersection with the corresponding solubility isotherm. The point of inter- 
section represents the point on the concentration triangle which corresponds to the limiting saturated solution 


having a microhardness and, consequently, a concentration which are the same as those of the solid solution 
of the selected alloy in the two-phase region. 


Then, by joining the points of intersection of the isoscleres with the corresponding solubility isotherms 
and the points representing the compositions of the alloy for which the measurements of the microhardness of 
the solid solution were carried out, we obtain the direction of one of the conodes at the given temperature. 
All such points are denoted on Fig. 2 by circles. 


If the isosclere meets the solubility isotherm in several points, it then becomes necessary to select one 
of several variants. One must then be guided by data obtained during those geometrical constructions which 
led to unequivocal solutions. Moreover, sometimes certain known data on the possible position of the second 
conjugate point of the conode facilitate the solution of this problem. Thus, for example, in the system copper- 
aluminum—titanium there are apparently formed limited solid solutions based on the binary intermetallic com- 
pound Cu,Ti, and continuations of the conodes intersect close to the ordinates of this compound. 


Under favorable conditions, the position of a conode can be plotted very accurately, For example, accu- 
racy in the construction of a conode is provided by a small specific volume of the second phase which hetero- 
genizes the solid solution as compared to the specific volume of the solid solution, when there is a possibility 
of selecting tor the determination of the microhardness an alloy lying in the two-phase region far from the 
solubility isotherm [10]. The case where the angle at which the isosclere intersects the solubility isotherm is 
close to a right angle is also favorable. If, moreover, in the direction of the conode there are other alloys whose 
solid solutions do not undergo microheterogenization thereby affecting the microhardness, then it is possible to 
check the construction which has been carried out and to make it more precise. 


All of the enumerated data required for the determination of the position of the conode are usually avail- 
able after carrying out an investigation of the variation in microhardness with composition *, and the construc- 
tion of the conode in this case can be merely a concluding operation. 


In conclusion, we should mention the possibility of using the microhardness method for the construction 
of conodes in three-component systems in which the solid solutions do not possess the indicated properties of 
linearity and additivity. For this purpose, it is necessary to establish first of all the dependence of the micro- 

* The results of the investigation of the system copper—aluminum~—titanium are reported in references [14, 15]. 


hardness over the entire length of the solubility isotherm, or over that portion which is of specific interest, by 
direct measurement, as far as possible, on a large number of alloys. Then, from the known value of the micro- 
hardness of the alloy in the two-phase region and from the established dependence, the location of the alloy 
with equal hardness is determined on the solubility isotherm by interpolation. The location of this alloy cor- 
responds to the location on the diagram of one of the conjugate points of the conode, In order to construct the 
conode, it then remains to connect this point with the point of the alloy of the two-phase region for which the 
microhardness determination was carried out. 
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SOLID SOLUTIONS IN THE SYSTEM A1Sb-— GaSb 


N. A. Goriunova and 1. I. Burdiian 
(Presented by Academician A. F. loffe, February 20, 1958) 


The initial binary substances of the pseudobinary section AlSb-GaSb of the ternary system Al—Sb—Ga 
are semiconductors of the type AllIBV; a considerable amount of literature has been devoted to the properties 
of these materials up to the present. The possibility of the formation of homogeneous regions in alloys of sub- 
stances of this type is of interest from the point of view of the preparation of semiconductors with a more suit- 


able combination of electrical and physical properties for practical purposes than occurs in the binary com- 
pounds. 


According to the data of Koster and Thoma [1], who investigated the system AlSb—GaSb as well as the 
systems AlSb—InSb and GaSb~—InSb, the binary components of these systems exhibit no appreciable mutual 
solubility in the solid state, and the systems are treated as eutectic systems. 


One of the authors of the present paper, together with N. N. Fedorova and 1. E. Gorshkov, studied the sys- 
tem GaSb~InSb and also tentatively investigated the system AlSb—InSb [2, 3]. In contradistinction to the data 
of Koster and Thoma, mutual solubility of the binary components was observed in these systems over a broad 
concentration interval. This work provides an explanation of a basic peculiarity of these systems, the presence 
of a tendency toward the formation of nonequilibrium states in connection with the covalent type of interaction 
between the atoms of these substances. 


Apparently, the latter circumstance was not taken into consideration byKoster and Thoma, and this led 
them to the erroneous conclusion that solid solutions are not present in the systems AlSb—InSb and GaSb~—InSb. 
As regards the system AlSb—GaSb, as a result of preliminary experiments it has been proposed by one of the 
present authors that solid solutions exist in this system. 


In the present paper, the results of a physicochemical investigation are presented in confirmation of this 
proposal, 


The substances under investigation were prepared by fusion of the original simple substances in graphite 
crucibles in an atmosphere of argon. Just as in the work of Koster and Thoma, alloys were prepared with ratios 
of the original binary components 1:4, 1:1, and 4:1,and also the compounds gallium antimonide and alumi- 
num antimonide. The following methods were used to investigate the nature af the interaction of the substances 
in these alloys; thermal analysis, investigation of the microstructure and microhardness, and investigation of 
the distribution of electrical conductivity along the bar. The x-ray method was not used, since preliminary 
experiments showed that this method was not effective owing to the very close lattice periods of these compounds. 


The thermal analysis was carried out with a Kurnakov pyrometer. About 7 g of the substance was fused in 
evacuated quartz Stepanov tubes, The rate of heating and cooling in these experiments was 10-15° per minute. 
Both the simple curves and the differential curves were taken. 


The microhardness was determined with a PMT-3 apparatus; the surface of the samples was first etched 
with a 5% solution of ferric chloride in hydrochloric acid in a ratio of 1:2. 


The distribution of electrical conductivity along the bar was determined by the usual probe method. 


The investigation of the substances carried out immediately after synthesis showed that their compositions 
were clearly heterogeneous. Thus, the heating and cooling curves gave results in agreement with those of Koster 


and Thoma. The structure of the substances was finely crystalline, and the microhardness values were consider- 
ably scattered, both within the grains and between them. 


The electrical conductivity values were also considerably scattered along the bar. 


Lengthy annealing of the substances in powdered form at temperatures close to the melting point of the 
low-melting binary component was used in the previous work [2, 3] to homogenize the GaSb—InSb alloys. In 
addition to being lengthy, this method had still another disadvantage; the substance could not be used in the 
powdered form for the investigation of the electrical properties nor for the manufacture of a specific type of 
semiconductor apparatus. Therefore, in the initial period of the investigation, the alloys were homogenized 
by annealing the bars, in the form of pieces, under vacuum at a temperature of 600° for 2000 hours. However, 
the annealing did not yield particularly good results. 


Later, the alloys were homogenized by another method, namely, equalization by zone melting. We 
selected this method owing to the following considerations; a substance of the type A/IpV is, by nature, very 
close to semiconductors — elements of Group IV; therefore, we assumed that alloys of the type Alllpv — alllpv 
could be homogenized by the same method as alloys of silicon and germanium [5]. 


Equalization by zone melting was carried out by the usual method, by moving the heater alternately in 
reverse directions at a rate of 9-10 mm/hour, the initial length of the entire bar being 25 cm and the breadth 
of the molten zone 3-4 cm, The temperature in the molten zone corresponded to the temperature on the liq- 
uidus diagram of Koster and Thoma [1]. After twenty passes of the zone, the central part of the bar, 6-8 cm 
in length, was subjected to investigation. 


A study of the microstructure of the samples showed that they were coarsely crystalline with grain sizes 
up to 1 mm and that they did not have any inclusions (of eutectic or other nature). Scattering of the micro- 
hardness values and of the electrical conductivity along the length became considerably less, and the micro- 
hardness of the alloys of this system had a maximum at the composition 1; 1 ( AlSb: GaSb). 


Before the investigation of the alloys by thermal analysis, they were analyzed chemically at our request 


by T. V. Cherkashina, to whom the authors express their sincere appreciation, The analyses showed a tendency 
toward a certain shifting of the more fusible compound in the direction of the movement of the zone. There - 
fore, the data on composition, cited by us below during a consideration of the results of the thermal analysis, 
can deviate somewhat on the side of an increase in the amount of the more difficultly fusible compound — 
aluminum antimonide. 


The thermal analysis of the alloys of the system gave results which differed sharply from the data of 
Koster and Thoma. In Fig. 1 are presented both the data obtained by us and those of the indicated investigators. 
Our data indicate that in the system investigated, the interaction of the binary components under conditions 
approximating equilibrium did not have an eutectic character, but led to the formation of solid solutions over 
a wide concentration interval. This turned out to be a very satisfactory application of zone equalization prior 
to thermal analysis, and, so far as is known to us, it has not been used by anyone else, 


The samples of alloys, after zone melting, were allowed to stand for a long period of time in the air with 
the aim of qualitatively comparing their behavior with the behavior of aluminum antimonide, which, as is well 
known, corrodes in air. It developed that with an increase in the content of gallium antimonide in the alloys, 
they became more stable with respect to the action of air of ordinary humidity, Samples with a gallium anti- 
monide content of more than half were especially stable (no changes in the polished surface were observed over 
a period of two months), 


A more complete investigation of the structural diagram with a greater number of samples is a requirement 
ment of the future. It is possible that with a more complete homogenization, the solidus line would rise some- 
what. Nevertheless, these data unequivocally answer the question of the nature of the interaction of the com- 
ponents in this system; undoubtedly, the formation of solid solutions takes place in the system over a broad 
concentration interval. Keeping in mind the peculiarities of structure and of type of bonds of the present sub- 
stances and also the nature of the changes in microhardness, it can be asserted that these solutions are substitu- 
tional solid solutions. We believe that the alloys of this system will have practical significance, since the 


combination of physicochemical and electrical properties in them is probably considerably more favorable 
than the combination of these same properties in the original binary compounds, 


Mole % ALSb ——~— 


Fig. 1. Quasibinary section AlSb—GaSb: a) Accord- 
ing to Koster and Thoma; b) our data. 


The fact of the formation of substitutional solid 
solutions in the pseudobinary section AlSb—GaSb of 
the ternary system Al—Sb—Ga, together with data on 
the systems GaSb—InSb and AlSb—InSb, previously 
investigated [2, 3], permits elimination of the contra- 
diction noted by certain authors [6, 7] in connection 
with consideration of the data of Koster and Thoma. 
This contradiction is that in systems of the same type 
with substitutional components which differ sharply 
in all characteristics (GaP -GaAs and InP—InAs), sub- 
stitution occurs, but in the system AlSb—GaSb, where 
the substituting components are closely similar, sub- 
stitution does not occur, 


Using our data, we find it possible to interpret the formation of substitutional solid solutions in substances 
of the type ALIBV from a single point of view, by comparing the electrical affinity constants of the substitut- 


ing elements [9]. 


TABLE 1 


System Nature of interaction 


Elec, affinity 

constants of the 
ubstituting ele- 
ents in 


Difference 


in constants 
in % of 


GaSb — InSb 
AlSb — InSb 
AlSb — GaSb 
GaAs — InAs 
GaP — GaAs 
InP — InAs 


GaAs — GsSb 
InAs — InSb 


Solution over broad 
concentration interval 


No solution over: 


bread concentration 
interval 


61ejowest value 


705—644 
653—644 
653—705 
705—844 
1490— 1433 
1490—1438 


1438—1278 
1438—1279 


The material available at the present time on substitutional solid solutions in systems of the mentioned 


type is presented in Table 1. 


Consideration of the data on Table 1 makes it possible to conclude that the formation of solid solutions 
of substances of the type AlIBV over a broad concentration interval arises when the relative difference in the 
electrical affinity constants of the substituting elements does not exceed 9.4%, 


Undoubtedly, beside this basic factor, the chemical nature of the nonsubstituting element, the purity of 
the materials used, etc. can also affect the process of substitution. 


N. K, Takhtareva and A. S. Borshchevskii took part in the experimental part of the work. 


The investigation was carried out in the laboratory of Prof. B. T. Kolomiits, to whom the authors express 
their sincere appreciation for his constant attention and interest in the work. 
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SYNTHESIS OF 2-METHYL-4,5-THIOPHENO(2',3')THIAZOLE 


V.G. Zhiriakov and I. I. Levkoev 
(Presented by Academician I. L. Knuniants, February 6, 1958) 


The isosterism of -CH=CH— and —S— groups is well known in thiazole and pyridine derivatives. It 
seemed of interest to trace the degree of isosterism of these groups through a series of derivatives of benzo- 
‘thiazole and thiophenothiazole, heterocyclic bases containing condensed thiazole and thiophene rings. 


In connection with this, it was decided to carry out the synthesis of 2-methyl-4,5-thiopheno( 2',3")thia- 
zole, In preparing this compound by a method analogous to the synthesis of 2-methylbenzothiazole [1, 2], it 
is possible to start from a-amino-§ -mercaptothiophene with subsequent reaction with acetic acid or its deriva- 
tives or to start with the thioacetyl derivative of a-aminothiophene with further oxidation with potassium fer- 


ricyanide. In view of the poor availability of a-amino-8 -mercaptothiophene, the second method was selec- 
ted; 


2-Thioacetylaminothiophene was successfully synthesized by the action of phosphorus pentasulfide on 
2-acetylaminothiophene [3] by heating in anhydrous benzene. 


However, the first attempts to synthesize 2-methyl-4,5-thiopheno( 2",3")thiazole by oxidation of 2-thio- 
acetylamidothiophene in a 4-8% solution of sodium hydroxide with potassium ferricyanide ended unsuccessfully. 
This attempt gave a crystalline substance with a m. p. of 107-108", which, as was shown, was a disulfide of the 


structure (1); 
LA AX 


(1) 


It may be noted that an analogous result was once obtained during an attempt to oxidize a-thioaceta- 
midopyridine under the same conditions [4]. Only later was 2-methyl-4,5-pyrido( 2',3")thiazole obtained by 
this route, apparently under somewhat changed oxidation conditions [5]. 


Nor did a change in the temperature conditions of the oxidation lead to the desired result, It might be 
thought that a decrease in the concentration of sodium hydroxide in the reaction mixture would lead to retar- 
dation of the oxidation of the hydrogen of the thioacetamido group, and that the difference in the mobility 
of the hydrogen atom at the 6 -carbon atom of the thiophene ring and of that of the isothioacetamido group 
would decrease, which would result in the formation of the desired compound. . 


Actually, upon the addition of a solution of 2-thioacetamidothiophene in 2% aqueous solution of sodium 
hydroxide to a dilute solution of potassium ferricyanide, in addition to the disulfide, we were successful in ob- 
taining 2-methyl-4,5-thiopheno(2',3")thiazole in a yield of 10% of theoretical. 


The resulting base was a colorless, gradually yellowing ofl with a b. p. of 102-104°/7 mm. The com- 
pound had the characteristic odor of quinoline bases, It readily forms the picrate, methiodide, and ethiodide, 


TABLE 1 


M. p., °C 


B. p. of base, 


iodid 
Base °C /mm Hg picrate ethiodide 


2-Methyl-4,5-thio- 
heno(2',3")thiazole 118—120/14 131—132 | 221—222| 190—191 
2-Methylbenzothiazole 118/18 (8) 153.5 (7) 218 (*) 196 (°) 


As seen from Table 1, some of the constants of 2-methyl-4,5-thiopheno( 2',3")thiazole and its derivatives 
are close to those of 2-~methylbenzothiazole and its derivatives. 


EXPERIMENTAL 


2-Acetylamidothiophene was prepared with a yield of 53% of theoretical by the addition of a solution of 
sodium hydroxide to a mixture of an aqueous suspension of the double salt of 2-aminothiophene hydrochloride 
with stannic chloride and acetic anhydride. M. p.159-160° ( 161-162° [3]). 


The initial 2-aminothiophene double salt was prepared by reduction of 2-nitrothiophene with metallic 
tin in hydrochloric acid [3], and the 2-nitrothiophene was synthesized by nitration of thiophene with nitric acid, 
1.5 sp. gr., in glacial acetic acid [9]. 


2-Thioacetylamidothiophene. A finely powdered mixture of 20.3 g of 2-acetylamidothiophene and 10.0 g 
of phosphorus pentasulfide was added, while refluxing, to 250 ml of anhydrous benzene, after which the liquid 
was refluxed for 2 hours. The benzene layer was decanted, and the tarry residue was refluxed with benzene (3 
times with 200 ml). The combined benzene solutions were extracted with a 4% solution of sodium hydroxide 
(5 times with 230 ml). The resulting aqueous solutions, at 3°, were acidified with 50% acetic acid to a weakly 
acid reaction to litmus. The precipitate was filtered, carefully washed with water, and dried. The yield was 
6.0 g (26.5%). M.p. 98-100°. Crystallization from ethyl alcohol gave slightly yellowish needles with a m. p. 
of 111-112”. 


Found %; N 8.83 CgHyNS,. Calculated %; N 8.91. 


2-Methyl-4,5-thiopheno( 2',3")thiazole. 23.6 g of 2-thioacetylamidothiophene was dissolved at 45° in 
700 ml of a 2% aqueous solution of sodium hydroxide, Over a period of 2 hours, the solution, at 0°, was added 
with vigorous stirring to a solution of 100 g of potassium ferricyanide in 900 ml of water, after which stirring 
was continued at this same temperature for an additional 2 hours, On the following day, the mixture was care- 
fully extracted with ether (2000 ml). The ether was distilled, and the residue was then steam distilled. The 
base. was extracted from the distillate with 500 ml of ether, the ether extract was dried with potassium carbo- 
nate, the ether was distilled, and the residue was distilled under vacuum. The yield was 2.35 g (10.1%). B.p. 
102-104°/7 mm (118-120°/14 mm). The product was a colorless oil with a characteristic odor; it yellowed 
slightly on standing. 


Found %; N 8.97 CgHgNSg. Calculated %; N 9.02. 


On cooling of the filtered liquid remaining in the flask after distillation of the base, the disulfide precipi- 
tated; the precipitate was filtered, washed with water, and dried. The weight was 4.9 g. M. p. 103-105°. 
Crystallization from water gave slightly grayish, long needles with a m. p. of 1Q7-108°. On refluxing with dilute 
hydrochloric acid, there was vigorous evolution of hydrogen sulfide together with precipitation of sulfur. 


Found %; N 8.70. CygHygN2S4. Calculated %: N 8.97. 
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Picrate — fine, greenish-yellow prisms (from ethyl alcohol), m. p. 131-132°. 


Found %; N 14.36. CygH,OfN,S,. Calculated N 14.58. 


The methiodide was obtained by heating the base with 1.25 moles of methyl lodide on a boiling water 
bath for 5 hours; 0.5 mole of methyl fodide was then added, and the heating was continued for another 6 hours. 


The yield was 75%. The product, slightly greenish, coarse prisms (from anhydrous ethyl alcohol), had a m. p. 
of 221-222*, 


Found %; N 4.63. CyHgNSgl. Calculated %; N 4.71. 


The ethiodide was prepared by heating the base with 2 moles of ethyl iodide on a boiling water bath for 15 
hours, after which 0.5 mole of ethyl iodide was added, and the mixture was heated another 7 hours. The yield 
was 66%, The product, slightly greenish, coarse prisms (from anhydrous ethyl alcohol), had a m. p. of 190-191". 


Found N 4.47. CgHygNSgl. Calculated %: N 4.50. 


The work was carried out at the suggestion of N. N. Sveshnikov, to whom we express our appreciation for 
his participation in the consideration of the results of the work. 
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ISOTOPE EXCHANGE OF OXYGEN BETWEEN FREE HYDROXYL 
RADICALS AND WATER 


Corresponding Member AN SSSR I. A. Kazarnovskii, N. Py Lipikhin 
and M. V. Tikhomirov 


The free hydroxyl radical plays a great role as an intermediate product in radiation chemistry and in 
the theory of oxidation processes. 


In spite of numerous investigations of the reactivity of this radical, only sparse and contradictory data 
are available [1-4]. This situation is apparently due to the lack of a method for obtaining the free hydroxy] 
radical in sufficient concentrations and without atomic hydrogen or heavy metal ions as impurities. 


We have investigated the isotope exchange reaction o"*H + H,o"* = H,o'* + OH, using potassium ozo- 
nide as a new source of free hydroxyl radicals [5, 6]. 


The decomposition of potassium ozonide by water proceeds instantaneously at room temperature and 


at 0° with vigorous liberation of oxygen. When water enriched with H,0"* is used, the reaction proceeds ac- 
cording to the equations: 


KO; ++ H,0 = KOH + OH + 0, (1) 
OH -+ H,0 = OH + H,0 (2) 
5 6, (3) 


OH + OH = H,0; (4) 


As investigations in our laboratory have shown, the rate of the disproportionation of hydroxyls is 4-5 
times higher than the rate of their dimerization. 


If the rate of isotope exchange of oxygen between free hydroxyls and water [Equation (2)] is not insigni- 
ficantly small in comparison to the rates of the disproportionation and dimerization of hydroxyl radicals, the 
gaseous oxygen liberated during the decomposition of potassium ozonide by water will be enriched with the 
isotope o**, Our experiments confirmed this. 


The potassium ozonide used had the following composition; KO;, 89.3%; KOH, 8.4%; HO, (in the form 
of KOH +H,0) 2.3%. 


The decomposition of weighed portions of potassium ozonide by water containing 1.38% H,0"* was Car- 
ried out in the apparatus shown in Fig. 1A. 


The reaction vessel 1, with a volume of 35 cc, was fitted with a magnetic stirrer 2, which rotated at a 
rate of 500 rpm. The thin-walled glass capillary 4, 2.2 mm in diameter and with a small glass rod sealed to 
one end, was first filled with potassium ozonide powder in a dry cabinet, weighed, and sealed. 


Prior to an experiment, the capillary containing the sample was sealed to a glass tube containing a lead 
weight, 6, and suspended by a fine silk thread from the ground glass plug 8, The initial solution was introduced 
into vessel 1, and the apparatus was then joined by means of ground glass joint 9 to the part of the apparatus 
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(Fig. 1B) consisting of gas buret 11 and tube 12 for collection of the oxygen sample, The apparatus permitted 
the decomposition of potassium ozonide to be carried out in an atmosphere of nitrogen or under vacuum, 


On rotation of the ground glass plug 8 (Fig. 1), the weight and the capillary containing powdered KO, 
descended, and the capillary, on reaching the roughened surface of the rotating quartz-jacketed stirrer, was 


gradually disintegrated. The introduction of the potassium ozonide powder was usually carried out over a 
period of 3-5 minutes. 


| 
Wh To motor 


Fig. 1. Diagram of the experimental apparatus. A) Apparatus for 
the decomposition of potassium ozonide with water: 1) Reaction 
vessel, 2) quartz stirrer, 3) magnet, 4) capillary containing a weighed 
amount of KO,, 5) sleeve, 6) lead weight, 7) silk thread, 8) ground 
glass plug for lowering capillary, 9) ground glass joint. B) apparatus 
for the investigation of the isotopic composition of oxygen from the 
decomposition of KO, by water: 10) apparatus for the decomposition 
of potassium ozonide by water; 11 and 16) gas burets, 12 and 17) 
tubes for collection of oxygen sample, 13) rotating magnet, 14 and 
15) apparatus for degasification and decomposition of hydrogen per- 
oxide, 18) trap, 19) McLeod gauge, 20) Toepler pump. 


The evolved oxygen (mixed with nitrogen) was collected in gas buret 11 and then transferred to evacuated 
glass sample tube 12 for mass spectrographic analysis. The analysis was carried out in a Nier-type mass spec- 
trometer, which has previously been described in detail [6]. The error in the determinations of o"* did not ex 
ceed 42% of the measured values. Cylinder oxygen, which contained 0.204% 0}, was used as a standard. The 
degree of exchange was related to the total amount of hydroxyl radicals after deduction of the amount consumed 
by the formation of hydrogen peroxide (which was determined with an 0.1 N solution of KMnO,. In the experi- 
ments on the formation of HgO,, not more than 15% of the hydroxyl radicais was so consumed, 


Table 1 presents the results of the determination of the isotopic composition of the oxygen evolved during 
the decomposition of potassium ozonide by heavy water and also the degree of exchange found. As seen trom 
these data, the degree of exchange of free hydroxyl radical with water at +20 and 0° is about 10%, and does not 
depend on the pH of the solution. This independence of the pH of the solution confirms that the exchange 
actually proceeds between free hydroxyl and water, and not between hydroxyl and hydroxyl ions. 
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In interpreting the relatively low degree of exchange, it is necessary to take into account that this reac- 


tion is concurrent with the very fast reactions of the disproportionation and dimerization of the free hydroxyl 
radicals, 


TABLE 1 
Isotope Exchange of Free Hydroxyl with Water Containing 1.38% H,O"® 


potassium | Initial solution | fina} of OH oxygen 0 in evol- isotope 
ozonide, solution |formed, evolved, cc | yed ox gen, |°xchange, 


Weight of pH of ~=|Amount of jContent of Pegree of 
mmoles, (0°, 760 mm) atom 


At a temperature of 20° 
217.3 10 cc H,O* 
191.3 10 cc H,O0* 
157.0 35 cc H,O* 
161.8 10cc H,0*+ 
+0.17g H,SO, } 
163.5 35 cc “H,O*+ 
4-0.60 g 


134.6 35 cc H,O 
At a temperature of 0° 
179.6 35 cc H,O* 12.8 1.84 


155.0 35 cc H,0* 12.7 1.59 
474.4 35cc 
0.5 4.75 


165.4 
+0.60 g H,SO, 0.5 1.69 


Average 


*Here and further on, 0.35 N HgSO,. 
** This control experiment showed that during the decomposition of potassium ozonide 
with doubly distilled water, the oxygen evolved had the normal isotopic composition. 


It also seemed of interest to determine the isotopic composition of the oxygen in the hydrogen peroxide 
formed. It would be expected that the enrichment of the hydrogen peroxide with O* oxygen isotope would be 
several times greater than in the oxygen evolved directly during the decomposition of KO, by heavy water, 
since the molecular oxygen, which comprises more than 4% of the total oxygen [Equation (1)], does not ex- 
change with water. 


Our experiments completely confirmed this prediction. The small amount of hydrogen peroxide formed 
under the conditions of our experiments was troublesome. In these experiments, the decomposition of KO, with 
water containing 1.57-3.00% H,0'* was carried out in an apparatus with a magnetic stirrer; the apparatus was 
similar to that described above, but had a volume of 10 cc, 


After decomposition of the potassium ozonide with water, the resulting hydrogen peroxide was determined 
on part of the solution by titration with an 0.1 N solution of KMnO,. The other part of the reaction solution 
(7 cc) was transferred to the small flask 14, and 3 cc of an acidified 0.16 N solution of cerium sulfate was placed 
in tube 15, Preliminary degasification of the solutions was carried out by alternate freezing and thawing under 
vacuum (0.01 mm Hg). The system was then pumped to a vacuum of 1-3-10~* mm Hg by means of Toepler 
pump 20, and the hydrogen peroxide was then distilled at room temperature from the solution to tube 15, which 
was immersed in a Dewar of solid carbon dioxide. 


At the conclusion of the distillation, the system was again evacuated to 10 * mm Hg, the contents of tube 
15 were thawed out, and the hydrogen peroxide was decomposed by the cerium sulfate; the reaction proceeded 
according to the equation: 


2Cet+ 4- = 2Ce + 2H+ + O}. (5)* 
*Ithas been established that during this reaction, the oxygen is liberated quantitatively from the hydrogen per- 


oxide, and its composition does not depend on the isotope composition of the water [4, 7, 8]. 
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62.4 0.226 8.9 
56.3 0.226 9.5 
44.3 0.229 11.0 
48.0 0.227 9.8 
46.14 0,226 10.3 
Average 9.944 
41.9 | 0.204? 
50.0 0.229 10.5 
43.5 0.227 9.8 - 
47.6 0.231 12.8 
45.3 0.226 10.6 
10.944 


The oxygen evolved was transferred to tube 17 for mass spectrographic analysis. 


The data on the isotopic composition of the oxygen from the hydrogen peroxide are presented in Table 2. 
It follows from these data that in the oxygen from the hydrogen peroxide, enrichment with Oo isotope was 


2.2-4.7 times (or 3 times on the average) greater than in the oxygen evolved directly during the decomposi- 
tion of potassium ozonide by water. 


TABLE 2 


Isotopic Composition of Oyxgen in Hydrogen Peroxide Formed During the Decomposition 
of Potassium Ozonide at 0° by Water Enriched with H,O"* and 0°* 


8 


Initial solution 
(H,0*) 


of oxygen 
n. of 
(0° 


|evolved durin 
mp 
0m 
ylin the 


ption of 
‘OX 
© |formation of 


Amount of OH 
Content of O** 
in evolved 
xtent of con- 


E 

in HgO, oxygen 
atom, % 


oxygen, atom 


To 
Amt. 


H203. 


© Content of o}8 | 


um 
yar 


|solution 


6cc 0,99 N 


|deco 
> 


0.221 
10 cc 0,58 N 0.227 
H.SO,4 
2.5% 0.216 
40 0.54N 0.224 
HySOg 


*In Experiment No, 32, the water used contained 1.57% H,0'*; in Experiments No, 34, 
35, 56, and 57 — 2.78% H,O"*, in Experiments Nos. 51 and 52 — 3.00% H,O"*, 


The deviation of the found degree of enrichment from the calculated value (calculation requires 5-5.5 
times, not 3 times) can be attributed to errors due to the very small amounts of oxygen (1-2 cc) liberated from 


the hydrogen peroxide under the conditions of our experiments, to the difficulty of complete gasification of the 
solutions, etc. 


These results confirm that during the decomposition of potassium ozonide with water, the hydrogen per- 
oxide is actually formed from the free hydroxyl radicals. 


Considering the question of the nature of the diffusion of free hydroxyl during radiolysis of water, Dainton 
[3], on the basis of unpublished experiments showing the absence of rapid exchange between free hydroxyl radi- 


cals and water, was led to the conclusion that this radical diffuses by a normal mechanism, and not by a Grotthus 
mechanism. 


Our experiments, which disclosed the presence ofa very rapid exchange, lead to the contrary conclusion 


and indicate the presence of an interaction between free hydroxyl radicals and water in the sense of the Grotthus 
views, 


This result is essential for understanding the reactivity of the free hydroxyl radical. 
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X-RAY INVESTIGATION OF THE URANATES OF THE ALKALI ELEMENTS 


L.M. Kovba, E. A. Ippolitova, Iu. P. Simanov and Corresponding 
Member AN SSSR Vikt. I. Spitsyn 


Information is available in the literature on the structures of the monouranates of magnesium [1], calcium 
[2], strontium [2], barium [3], and BUO,(OH), [4]. In the structures of the monouranates of magnesium, barium, 
and B -UO,(OH),, the somewhat distorted UQg octahedra form either pseudotetragonal layers (barium uranate, 
B -UO,(OH),) or chains (magnesium uranate) having the composition (UQ3)O,. Hexagonal layers of the compo- 
sition (UO,)O, occur in the calcium and strontium uranate structures. In this case, the uranium atoms are sur- 
rounded by oxygen atoms at the corners of a somewhat distorted cube. Hexagonal or pseudohexagonal layers, 
analogous to those in calcium uranate, have also been found in the structures of lithium, sodium, and potas- 
sium uranates [5]; however, more detailed information on the structures of the alkali metal uranates has not 
been published. There are no experimental data available on the structures of the diuranates. 


We prepared single crystals of the normal uranates of lithium ( a-modification) and sodium (8 -modifi- 
cation) and of the diuranates of sodium, potassium, and rubidium. These compounds were studied by the Laue, 
oscillation and powder methods, We were unable to prepare single crystals of a-Na,UO,4, K,UO,4, Rb,UO,, and 
CsgUO,, and these compounds were studied by the powder method, In all cases, the intensity of the reflections 
was determined visually by the ten-point method from debyegrams. All data are reported in angstroms. 


TABLE 1 
Some X-Ray Data for Mono- and Diuranates of the Alkali Elements 


|Px-ray 


a 


Compound | Space group | 


a -Li,UO, Fmmm 

a - Na,UO, Cmmm 

3 - NagUO,4 Fmmm 
K,UQO, 1 4/mmm 
CsgUO,4 I 4/mmm 
Na,U,0, R3 m 
R3m 
Rb,U,0, R3m 


1/,** 
1/,** 
1/,** 


oN 


co Ww 


*Reference [7] reports the following data for LigUO,, NagUO,, and K,UO, 
(respectively): 6.61, 5.06, and 4.98. The last two figures are too low and 
the first is apparently too high. 

**For a rhombohedral cell. 


Table 1 presents the values of the lattice parameters for the uranates studied, their space groups and their 
densities, both calculated from x-ray data and determined pycnometrically. 


5.54" 
| 4.66" 
5.42 
6.04 
6.12 
ee 
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The structures were determined by trial and geometric and crystallochemical arguments. The estimated 
intensities confirm the structures described below. 


Tetragonal and pseudotetragonal layers of (UO,)O, similar to those in the BaUO, and B -UO,(OH), struc- 
tures (3, 4] were found in the structures of a-LigUO,, B -NagUO,, K,UO,, RbzUO,, and Cs,UO,4. The atoms of 


the alkali elements were disposed between the layers. 
The normal uranates of potassium, rubidium, and cesium have the same structure as KgNiF, [6]: 2U in (a); 


4Me in (e); 40; in (c) (here and throughout the paper, O; is oxygen inthe uranyl group). The values of the para- 


I 
meters Raee (Me represents an alkali element) and Zo} the values of the interatomic distances U-O and Mé-o, 
and the shortest distance O—O are presented in Table 2. 


TABLE 2 


Certain Information on the Structures of a-LigUO,, B -NaU,O,4, K,UO,, RbgUO,, and CsgUO, 


1 
Compound ZMe | Me ~0; 


° 
| 


BSSBSE 


* Shortest distance. Li in 8 (i). Li in 8 (f). *Li-20)). 


The structure of 8 -NagUO, is a distorted rhombohedral structure of the type of KgNiFg 4U in (a); 8Na in 
(i); 80] in (1); 80; in (e), The values of the parameters Zna and ZO, and the interatomic distances are pre- 
sented in Table 2. A somewhat different disposition of the atoms of the alkali element than in B -NagUO, is 
possible in lithium uranate, namely, 8Li in (f), The disposition of the remaining atoms is the same in B -NagUO, 
and a-LigUO,. Data for both variants in the distribution of lithium atoms are presented in Table 2, 


The structure of a-NaU,O, contains infinite chains of UOg octahedra joined at their common edges. 2U in 
(a); 4Na in (f); 40] in (1) with y = 0.195; 407 in (h) with x = 0.245; U — 20; = 1.90; U — 40; = 2.24; Na — 20); = 
= 2.44; Na — 40; = 2,32; shortest O—O distance is 2.73. 


The structures described above for lithium, sodium, and potassium monouranates differ from the structures 
of these compounds as studied by Zachariasen [5]. 


The structures of sodium, potassium, and rubidium diuranates are defect structures of the type of CaUOg 


I 
U in (a); Me in (b); 20; and 1'201 in (c). The parameters Xo, and Xo,,, together with the interatomic dis- 
tances, are presented in Table 3, A hexagonal layer of the composition UO,,, was detected in these structures. 


TABLE 3 


Certain Information on the Structures of Sodium, Potassium, and Rubi- 
dium Diuranates 


Compound 


Na,U,O, 
K,U,0, 
Rb,U,0, 


} 
a-LizgUO, 0.18 | 0.397} 1.89 2.14 2.32 |2.65—3.1 
0.18 | 1.89 2.634 2.42 
B-NagUO, 0.165 | 0.38 | 1.93 2.52 2.52 |2.96—3.04 
KUO, 0.145 | 0,36 | 1.90 2.82 | 2.84 3.07 
4 Rb,UO, 0,138 | 0.354) 1.94 2.99 2.97 3.07 
| Cs,U0,4 0.129 | 0.344) 1,94 3.18 3.18 3.16 
| Xo, | on [eon] Me60} 
0.108 | 0.357 | 1.92 2.35 2.50 2.54 
0.098 | 0.357 | 1.93 2.38 2.67 2.81 
i 0.093 | 0.355 | 4.93 2.39 2.78 3.04 
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The oxygen atoms can be partially replaced by fluorine with the formation of the fluorouranate, for ex- 
ample, NaUO,F, which also has the same structure as CaUO,. On calcination in air, NaUO,F is gradually con- 
verted to sodium diuranate. The material remains single phase throughout the conversion, so that a continuous 
region of solid solutions probably exists between the sodium fluorouranate and diuranate. 


By reduction of sodium pnd potassium diuranates at 450-500°, we obtained sodium and potassium uranates 
(V) having the composition MeUO, , which were studied by the powder method, Both compounds have a struc- 
ture of the perovskite type. For NaUO,;: asin8 = b = csinB = 4,129 + 0.002; B = 88° 36°: 6'; py- ay = 1.38; for 
KUOs: a = 4.290 + 0.001; P x-ray = 6.85, It was shown with KUOs that uranates (V) have a narrow region of 
homogeneity (the lattice constants do not change either with an excess of potassium present (by reduction of 
K,UO,) or with a deficiency of potassium — along with KUOsg, the latter samples always contained uranium 
dioxide), Uranates (V) are readily soluble in nitric acid and dissolve slowly in acetic acid. Thus, the uranates 
(V) are not analogs of the "tungsten bronzes.” In agreement with the data of Rudorff and Leutner [7], uranates 
(V) are not formed by reduction of LigUO, and NagUO,. RbgUO;,with the parameter of a cubic pseudo cell 
d= 4,316, is formed by reduction of RbgUO,. Reduction of CsgUO, does not give uranates (V) or (IV). 
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THE INTRODUCTION OF DIHYROXYCARBOXYLIC, GLYCERIN, AND 
HYDROXYACETONE SIDE CHAINS INTO ORTHOMETHYLCYCLOHEXANONE 
AND THE STEREOCHEMISTRY OF THE RESULTING COMPOUNDS 


Academician I. N. Nazarov and A. A. Akhrem 


We recently described several methods of introducing oxidized side chains into cyclic compounds, these 
methods being based on available acetylenic alcohols and their derivatives [1]. As is well known, the intro- 
duction of a dihydroxyacetone side chain is animportant pointin the problem of the partial and total synthesis 
of cortical steroids in general and of cortisone and its analogs in particular. 


Studying the addition of hypobromous acid to tertiary acetylenic alcohols and their acetates, we were 
the first [1] to observe that, in the case of tert-acetylenic alcohols, this reaction proceeds anomalously and leads 
to the formation of unsaturated dibromides in place of the expected dibromoketols. 


In the present communication, we briefly report the results of our investigations of the introduction of an 
oxidized side chain into orthomethylcyclohexanone (1). 


The condensation of ketone I with acetylene under pressure [2] in the presence of powdered potassium 
hydroxide gives, in high yield, 2-methyl-1-ethynylcyclohexanol in the form of two epimers: a crystalline 
- material, (I1)with a m.p. of 56-57° and a liquid (III) with a b. p. of 75°/15 mm and nf 1.4770. The ratio of 
the epimers was 3; 2, and it apparently depends on the conditions of the synthesis [3]. 


We have previously shown [4] that the crystalline acetylenic alcohol (I) has a cis-configuration, while 
the liquid (III) is the trans-isomer. 


¢=CH 


fe} 
ion CH;.—OH 
+ 


Acetylation of alcohols II and III with an excess of acetic anhydride gives the acetates IV and V, res- 
pectively. 


The normal addition reaction across the triple bond takes place during the action of hypobromous acid 
on cis-acetate IV, and the crystalline acetate cis-1-(w-dibromoacetyl)-2-me thylcyclohexanol (VI) is formed 
in 95% yield, 


COCHBr, CHIOH)-CO,H 
CH;|..--OH 
BalOH), 


.p 90-90.5" Vil-M .p J49- 150° 
Vill-IT 428-129” 


With the action of an aqueous solution of barium hydroxide on the acetate of the cis-dibromoketol (VI), an 
intramolecular rearrangement, previously described by us [1], took place, and a mixture of two isomeric di- 
hydrox ycarboxylic acids (VII and VIII) was formed in 50% yield; these acids differed in the configuration of 
the secondary hydroxyl. Acid VII predominates in the mixture. Acids VII and VIII, when reacted with an 
ethereal solution of diazomethane, give the methyl esters IX and X, which are reduced by Mthium aluminum 
hydride to the triols XI and XI. 


CH; Hy 
i 


.149- 150” liquid Ri-IT .88-88,5" 


A mixture of the isomeric alcohols XI and XII melted at 50-55°. 


Similar conversions were also carried out with trans-acetate V. 


chy 


XIVM .156- 156,5° 
XV 109- 110° 


The trans-dibromketol XIII was prepared under the above-described conditions, and the action of barium 
hydroxide on this compound gave a 50% yield of a mixture of two isomeric trans-dihydroxy acids (XIV and XV) 
with melting points of 156-156.5° and 109-110°, respectively. 


The trans-acids XIV and XV were converted to their methyl esters XVI and XVII, and reduction of the 
esters with lithium aluminum hydride gave the triols XVIII and XIX: 


CH, 


CH,0H 
LiAl 


XIV 411 .156-156,5” XVI-M.p 91-91,5" 125-125,5" 
xv .109-110° XVIl-m .p 33-51” XIX M1 .p, 88- 88,5" 


The individual triols XI and X1X had melting points of 88-88.5°, but a mixed sample melted with a sharp de- 
pression of the melting point to 55-65°, 

Selective catalytic hydrogenation of cis-acetylenic alcohol II over Pd catalyst gave a high yield of cis- 
2-methyl-1-vinylcyciohexanol (XX), oxidation of which by the Prilezhaev method with peracetic acid in chlo- 
roform gave an 80% yield of a mixture of the isomeric glycidyl alcohols XXI and XXII, the latter a’ liquid and 
the former melting at 43-43.5°. Glycidyl alcohol XXII was produced in the greater amount. 


CH, 
CH=CH, CH(OH)CH,OH 


XXI-m.p ,43-43,5° .p.88~88,5° 
xxil- Liquid .p 89-90° 


: 
au 
2 
Vv xill 
Cty CH; 
Je y 
7 
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When heated with dilute acid, glycide XXI, with a m. p. of 43-43.5°, was smoothly converted to the above- 
described triol (XI) with a m. p. of 88-88,5°. Hydrolysis of glycide XXII gave a small amount of the above- 
described triol XII with a m. p. of 89-90°. That these substances were identical was shown by a mixed m.-. 


Oxidation of trans-2-methyl-1-vinylcyclohexanol (XXIII) with peracetic acid in chloroform gave two 
crystalline glycidyl alcohols (XXIV and XXV), which were epimeric with respect to the asymmetric carbon 
atom of the oxidized side chain. Glycide XXIV was produced in the greater amount. 


CH, -CH(OH) CH,OH 


XXV4m.p, 40-41° XIX -M.p, 88-885” 


Hydrolysis of glycide XXIV with dilute acid gave a good yield of the above-described triol XVIII with a 
m. p. of 125-125.5°, which was also prepared by reduction of the ester of the trans-dihydroxy acid by means of 
lithium aluminum hydride. The action of dilute acid hydrolyzed glycide XXV with the formation of trio] 
XIX with m. p. 88-88.5°; this compound was not obtained on reduction of the ester of dihydroxy acid XVII. 
It follows from the experimental results that oxidation of the unsaturated alcohols XX and XXIII with peracetic 
acid is not strictly selective and leads to the formation of all isomers of glycidyl alcohols (XXI, XXII, XXIV, 


and XXV) predicted by theory. A mixture of glycide XXI, with a m. p. of 43-43.5°, and glycide XXV, with a 
m. p. of 40-41°, melted at room temperature. 


Selective catalytic hydrogenation over Pd catalyst of cis-acetate IV and trans-acetate V gave the acetates 
of cis-2-methyl-1-vinylcylohexanol (XXVII) and trans-2-methyl-1-vinylcyclohexanol, respectively. 


Oxidation of cis-acetate XXVII with peracetic acid gave a mixture of two epimeric monoacetates of the 
trlols XXIX and XXX with melting points of 99-100° and 57-58°, respectively. 


Normal products of the oxidation reaction — acetates of glycidyl alcohol XXXI — were not isolated. 


XXVII XXIX-IN_.p .99- 100° 
XXX 57-58" 


That the acetates XXIX and XXX contain one acetyl group was shown by hydrolysis. The above-described triol 
XI, with a m. p. of 88°, was isolated from the products of the hydrolysis of acetate XXIX, which has an m. p. 
of 99-100°. Saponification of acetate XXX, which has a m. p. of 57-58°, gave the above-described triol XII 
with a m. p. of 90-90.5°. A similar result was obtained by oxidation of trans-acetate XXVIII. 


CH, 


CH, CH 
“CH=CH, _«CH(OH)CH,OH CH—CH, 
ae. OAc Ac 
XXXIll KXXIl 


In this case, instead of the expected acetate of glycidyl alcohol XXXII, a mixture of the monoacetates of the 
isomeric triols XXXIII was isolated, hydrolysis of which gave two triols (XIX and XXVI) with melting points 
of 86-87° and 111-112°, respectively. Triol XXVI was isolated in the greater amount. 


These results indicate that oxidation of acetates of tertiary vinyl alcohols with peracetic acid, in contrast 
to the oxidation of the corresponding vinyl alcohols and acetates of allyl alcohols, does not lead to the forma- 
tion of the normal oxidation products — acetates of glycidyl alcohols [1]. 


As is well known, conformation analysis permits connecting the stereochemisty of a molecule with its 
reactivity. It therefore seemed of interest to use the epimeric acetylenic alcohols II and III to study the hydra - 
tion of the triple bond and also the acetylation of the tertiary hydroxyl with the aim of establishing the 
dependence of the reaction rates on the equatorial or axial location of the substituent. Hydration of the cis- 
alcohol II in methanol solution in the presence of mercuric sulfate and sulfuric acid gave an almost quantita- 
tive yield of the cis- a-ketol XXXIV with a m. p. of 37-38°[6]. The trans-alcohol III hydrated to the liquid 
trans-a-ketol XXXV at a somewhat higher rate but with a lower yield, 


CH; 


CH 
C=CH Hy 
‘OH 
“ether 
ul 


XXXIV-M1 - 38° XXXVI 


CH, 


COCH; 
(Ac 
0 “TsO, 


XXXVII 


A sharper distinction was observed during the acetylation of the hydroxyl group of the epimeric pair of 
a-ketols XXXIV and XXXV. The cis-a-ketol XXXIV acetylated under milder conditions, by refluxing with 
an excess of acetyl chloride in ether. The trans-a-ketol XXXV acetylated only under the action of acetic 
anhydride and in the presence of concentrated sulfuric acid. This gave the acetates XXXVI and XXXVII in 
almost quantitative yields, This result indicates that in the cis-a-ketol XXXIV the tertiary hydroxyl apparently 
has an equatorial configuration, while in the trans-a-ketol XXXV it has an axial position [7]. This conclusion 
agrees with data recently obtained during a study of the Raman spectra [8]. 
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PREPARATION OF METALLIC DERIVATIVES OF VINYL ALCOHOL 


Academician A. N. Nesmeianov, I. F. Lutsenko and R. M. Khomutov 


The most interesting feature of a-monomercurized carbonyl compounds is their tendency toward dual 
reaction (at the C and at the O) and the formation of two series of derivatives. In the first case, reaction pro- 
ducts are formed corresponding to the direct substitution of the mercury atom, while in the second case, the 
reaction proceeds with. transfer of the reactive center of the molecule owing to the sie expressed conjuga- 
tion of the Hg—C and C—O-bonds (o — -conjugation) [1-4]. 


In the present article, we report on our studies of a new group of reactions of monomercurized carbonyl 
compounds which also proceed with transfer of the reactive center. The reactions described below permit 
easy accomplishment of the transfer from C—metal carbonyl derivatives to the O—metal derivatives, and, 
particularly, to obtain in high yield metallic derivatives of the simplest enol—vinyl alcohol. 


These results were partially reported by us in 1955 in Zurich at the 14th International Congress on Theo- 
retical and Applied Chemistry. . 


Experiments were carried out on the preparation of lithium and sodium vinylates by cleavage of mono- 
mercurized acetaldehyde with metallic lithium and sodium in benzene and toluene. These attempts were 
unsuccessful, since even with many hours of refluxing no cleavage of the Hg—C bond was observed. 


We were able to obtain lithium and sodium vinylates as individual compounds by cleaving the Hg—C 
bond of mercury derivatives of aldehydes and ketones with solutions of the alkali metals in liquid ammonia. 


Hg(CHgCHO), + Li/NHy —> Li/Hg + 2CH, = CHOLI. 


These compounds are colorless crystalline substances. Lithium vinylate is-soluble in ether and benzene; 
sodium vinylate is soluble neither in ether nor in benzene. 


The structure and composition of these compounds was proved by analysis, by titration of weighed portions 
with acid, and by hydrolysis to acetaldehyde. The i.r. spectrum of lithium vinylate also confirmed the data on 
the structure of this compound. The band characteristic of the carbonyl group was absent from the i. r. spec- 
trum, and there was a band at 1600 cm™ which is characteristic of a double bond. 


As a result of our development of simple methods for the synthesis of mercvuribisacetaldehyde [5] and the 
easy cleavage of this compound by alkali metals in liquid ammonia, the simplest metallic enolates, which have 
not been described previously, have now been made available. 


In one of the first articles on reactions of monomercurized carbonyl compounds [2], we pointed out the 
probability of the formation of alcoholates of vinyl alcohol during the reaction of phenylmagnesium bromide 
with bromomercuriacetaldehyde according to the equation 


BrHgCH,CHO + CgHyMgBr —> CgHgHgBr +, CH, = CHOMgBr. 


. Our unsuccessful attempts to carry out the symmetrization of ct-halomercuriketones by means of such 
symmetrizing agents as potassium iodide, sodium iodide, potassium thiocyanate, sodium thiosulfate, etc. [6] 
are also connected with the formation of enolates; in all of these cases, extremely ready hydrolysis of the 
Hg—C bond was observed in place of symmetrization. 


At the present time, we consider that the cleavage of the Hg—C bond during attempts to symmetrize 
mercury salts of aldehydes and ketones by the action of various complex formers proceeds through the inter- 
mediate formation of the enolate; 


CIHgCH,CHO + 4Nal —> NagHgl,+ NaCl + [CH, = CHONa]. 


The latter is readily hydrolyzed in aqueous medium, freeing the aldehyde (or, respectively, the ketone). 
The rupture of the Hg—C bond in esters of mercurized carboxylic acids proceeds under analogous conditions, 
o~—n —Conjugation, which is clearly expressed in the case of mercury derivatives of carbonyl compounds, per- 
mits cleavage of the Hg—C bond in these substances even with such weak complex formers as potassium chlo- 
ride. Aqueous solutions of mercuribisacetaldehyde are completely decomposed by a 10% solution of potassium 
chloride, slowly in the cold and more rapidly on heating. 


Hg(CH,CHO), + KC] —-> ClHgCH,CHO + [CH, = cHoK] cH,CHO + KOH. 


The organomercury salt and the carbonyl compound resulting from this decomposition in alkaline medium 
give an amorphous, insoluble precipitate, as was previously found by Reynolds [7], Nef [8], and others. 


For the formation of metallic derivatives of vinyl alcohol by an exchange reaction between a metal halide 
and the halomercuriacetaldehyde, we dispensed with an aqueous medium and carried out the reaction between 
anhydrous ferric chloride and chloromercuriacetaldehyde in dry acetone. 


The structure and composition of the vinylate of ferric hydrox ychloride CH, = CHOFe(OH)C1, which was 
prepared by us by this method, was proved by analyses and by ozonation.* 


Attempts at the alkylation and acylation of lithium and sodium vinylates under various conditions and 
with the aid of butyl bromide, allyl halides, dimethyl sulfate, benzoyl chloride, etc. were unsuccessful owing 
to the ready onset of vigorous tarring of the reaction mixture. This lack of success was evidently connected 
with the action of the vinylates of the alkali metals on the expected reaction products — aldehydes; 


It was possible to liberate the halide salt in yields close to quantitative, 


It may be supposed that the detailed investigation of the metallic derivatives of the simplest enol system, 
which will be continued by us, will yield important material for the further study of the problem of the con- 
jugation of bonds and the transfer of the reactive center of the molecule. 


EXPERIMENTAL 


Reaction of chloromercuriacetaldehyde with ferric chloride. To 14 g (0.05 mole) of chloromercuriacet- 
aldehyde, which had been dried over PO, and carefully powdered, was added 20 ml of dry acetone and, with 
stirring, a solution of 2.8 g (0.017 mole) of anhydrous ferric chioride in 40 ml of acetone. The solution was 
filtered, and 200 ml of absolute ether was added to the filtered solution. The orange precipitate was separated, 
washed three times with ether, and twice reprecipitated with absolute ether from acetone solution. The re- 
sulting material corresponded in analysis to the vinylate of ferric hydroxychloride of the composition CH, = 
= CHOFe(OH)C1. The yield was 2.5 g (83% of theoretical), The material decomposed on heating, was readily 
hydrolyzed by water with the formation of acetaldehyde, and was soluble in acetone and pyridine. 


Found %; C 15.60, 15.46; H 2.74, 2.65; Fe 35.7, 36.6. CH, = CHOFe(OH)C1. Calculated %; C 


Ozonation of the vinylate of ferric hydroxychloride, The ozonation was carried out with a suspension of 
CH, = CHOFe(OH)C1 (from 14 g of chloromercuriacetaldehyde and 2.8 g of anhydrous FeClg) in 40 ml of dry 
chloroform, After 2% ozone had been passed through the suspension for 14 hours at a rate of 4 liters/hour, all 
of the precipitate of iron vinylate was dissolved, and the solution acquired an orange color, The chloroform 
solution was poured into 50 ml of water which had been acidified with HySO, and which contained 0.5 g of 
FeSO,. After complete decoloration of the chloroform solution, the aqueous extract was separated into two 
*One atom of chlorine is apparently hydrolyzed by the water liberated by the partial condensation of acetone 
under the influence of the anhydrous ferric chloride. 


at 
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parts, To the first part was added a saturated aqueous solution of 1.5 g of dimedone. After 2 hours, 0.4 g of 
the dimedone derivative of formaldehyde, m. p. 189° (recrystallized twice from alcohol), was isolated, Lit- 
erature data [9]: m. p. 189°, The second part of the aqueous solution was neutralized with soda and evapo- 
rated to dryness; heating of the dry residue with an aqueous-alcoholic solution of p-chlorophenacyl bromide 
gave the p-chlorophenacyl ester of formic acid, m. p. 127-127.5°. Literature data [10]; m. p. 128°. 


Preparation of sodium vinylate. To a solution of 3 g of sodium in 120 ml of liquid ammonia, mercuribis- 
acetaldehyde was added in small portions and with vigorous stirring precisely until the blue color of the solu- 
tion disappeared; this required about 13.7 g of the mercury compound (even a small excess of the mercuribis- 
acetaldehyde causes tarring of the reaction mixture). Careful protection of the reaction mixture from atmos- 
phere moisture and carbon dioxide was required in all operations. The reaction mixture was centrifuged, and 
the solution was decanted from the amalgam and filtered through a fine porous glass filter. After evaporation 
of the ammonia, the white, crystalline residue was dried for several hours under vacuum, The yield of sodium 
vinylate was 5 g ( 80% of theoretical). 


Found %; C 35.69, 35.20; H 4.76, 4.71; Na 35.6. CH, = CHONa. Calculated %; C 35.35; H 4,58; 
Na 34.8. 


Preparation of lithium vinylate. Under conditions analogous to those described above, 14.3 g of mer- 
curibisacetaldehyde and 1 g of lithium in 120 ml of liquid ammonia gave 3.8 g ( 78% of theoretical) of lithium 
vinylate as a white, crystalline material, The lithium vinylate was soluble in benzene and ether. 


Found %; C 47.68, 47.70; H 6.67, 6.67. CH, = CHOLi. Calculated %; C 48.03; H 6.05. 


Hydrolysis of lithium vinylate. To 300 ml of a saturated aqueous solution of dimedone was added 10 ml 
of a 1 N solution of sulfuric acid and then 0.3 g of lithium vinylate. After several days, 1 g ( 60% of theoret- 
ical) of the dimedone derivative was separated, m. p. 136°. A mixture of this material with the dimedone 
derivative of acetaldehyde showed no melting point depression, Literature data [9]; m. p. 138°. 
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THE STEREOCHEMISTRY OF ISOTOPE EXCHANGE REACTIONS OF 
ORGANOMERCURY SALTS WITH METALLIC MERCURY AND 
MERCURY HALIDE LABELED WITH Hg?" 


O. A. Reutov, P. Knoll’ and U lan-Tsei 
(Presented by Academician A. N. Nesmeianov, February 26, 1958) 


In the course of a study of the mechanism of isotope exchange between organomercury compounds and 


metallic mercury or mercury halide [1-4], clarification of the stereochemisty of the following reactions be- 
came necessary; 


* ( 1) 
RiR2RsC — HgX + Hg = RiR2RsC — HgX + Hg 
RiRsRsC — HeX + RiRsReC— HgX + HgXs (2) 


Reaction (1) is an homolytic process, while Reaction (2) is one of electrophilic substitution at a saturated car- 
bon atom. 


The present article describes the results of a study of the stereochemistry of Reaction (1), using the L- 
menthyl esters of a-bromomercuriphenylacetic acid as the organomercury compound, and of Reaction ( 2), 
using the cis- and trans-isomers of 2-methoxycyclohexylmercury chloride, 


Both of the diastereoisomers of the L-menthyl ester of a-bromomercuriphenylacetic acid ((I) with 
tas — 86° + 2 and (II) with [a5 — 49°+ 2) readily react with finely dispersed metallic mercury in the cold 
in absolute benzene. In both cases, complete retention of the stereochemical configuration at the a-carbon 
atom was definitely established; the angles of rotation of the diastereoisomers before the reaction and after 
the establishment of isotopic equilibrium were identical. 


— CH — + Hg CoHs — CH — + Hg 


gBr HgBr 
(1) — 86° + 2 — 85,7° 4-2 


CoHs — CH — + Fg Cats — CH -- COOCi Hg 
| 
IlgBr ii gBr 
(II) — 52° + 2 — 49,6° +2 


The retention of stereochemical configuration at the saturated carbon atom during isotope exchange 
reactions between organomercury salts and radioactive metallic mercury is needless evidence in support of the 
proposition that these homolytic reactions are not free radical reactions, since in the event of the intermediate 
formation of free radicals, RyR,RzC, the stereochemical result of these reactions would be racemization. 
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‘The molecules of the organomercury compounds apparently react directly with the mercury molecules; * | 


Rw Hg Rw 

+ tig ‘xX == R,—C—Hg—Xx + Hg 
4 7 

Rs Ry Rs 


The diastereoisomeric L-menthyl esters of a-bromomercuriphenylacetic acid were unsuitable for the 
clarification of the stereochemistry of the isotope exchange reaction with mercury halide, since mercuric bro- 


mide causes rapid "racemization" of both diastereoisomers (at the a-carbon atom) even under conditions so 
mild that isotope exchange does not occur, 


In this connection, cis- and trans-2-methox ycyclohex ylmercury halides were selected as subjects for 
the study of the reaction with mercury halide. The melting points of the cis- (114°) and trans-isomers (115°) 
differ very little; however, the melting point of a mixture of the cis- and trans-isomers (~85°) is greatly de- 
pressed. This circumstance considerably facilitates identification of both isomers. 


The isotope exchange reaction was carried out in dioxane, acetone, and isobutyl alcohol. Isotope ex- 
change proceeded at an appreciable rate only at temperatures of 120-135", * * 


In all cases, strict retention of the original stereochemical configuration of the materials was definitely 
established; 


* 
+ HgCl, 


CHO gC! 


HgCl 


Thus, this isotope exchange reaction, which is a process of electrophilic substitution at a saturated carbon 
atom, proceeds with retention of configuration. It should be noted that this same result has been definitely 


established for all other investigated reactions of electrophilic substitution at a saturated carbon atom with the 
exception of the cases reported by Cram [5]. 


EXPERIMENTAL 


Interaction of diastereoisomer (1) ([c] }$ — 86°) of the L-menthyl ester of a-bromomercuriphenylacetic 
acid with metallic mercury labeled with Hg”. A solution in 60 ml of absolute benzene of 0.50 g (9.10-* 
mole) of the diastereoisomer of the L-menthyl ester of a-bromomercuriphenylacetic acid with [ots — 86° and 
am. p. of 153° (0.015 mole/liter concentration) and 20 g of metallic mercury (111-fold g-equivalent excess) 
labeled with Hg”°* were vigorously stirred ( Witt stirrer at 2500 4 200 rpm) in the cold for 15 hours. At the 
conclusion of the reaction, the metallic mercury was filtered. In order to free the solution from colloidal 
mercury, it was passed through a chromatographic column packed with aluminum oxide. The solution was then 
evaporated in the cold under a stream of dry air. The dry residue, which weighed 0.46 g, was dissolved by 
heating in the minimum amount of carbon tetrachloride, several drops of methyl alcohol were then added to 


*The alternate mechanism ‘ 
— HgX + Hg = —Hg—Hg—X = — Hg — X + Hg 
seems less probable to us. 


* *Under these conditions, along with exchange, decomposition of the starting materials with the formation of 
calomel proceeds to an appreciable extent. 
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+ HgGl, 
CHO Hgcl 
Zz 


the solution, and the solution was cooled to—10°. The material was crystallized by rubbing the wall of the 


vessel with a glass rod. The weight was 0.35 g (70% of theoretical). M.p. 153-154°; [a]}§ = 85.7° + 2 
(C = 0.854; T= 1.9; a = 0.95°+ 0.02).* 


Measurement of the radioactivity of the preparation showed that there was 100% exchange, i.e., the 
activity of the preparation was equilibrium activity. 


The results of parallel experiments on the interaction of diastereoisomer (I) with radioactive metallic 
mercury were in good agreement. 


Interaction of diastereoisomer (IL) ({a}38 — 52°) of the L-menthyl ester of a-bromomercuriphenylacetic 
acid with metallic mercury labeled with Hg’. A solution in 42 ml of absolute benzene of 0.35 g (6.3 -10~4 
mole) of the diastereoisomer of the L-menthyl ester of a-bromomercuriphenylacetic acid with tal? — 52° 
and a m. p. of 144-146" (0.015 mole/liter concentration) and 20 g of metallic mercury (159-fold g-equiva- 
lent excess) labeled with Hg”® were vigorously stirred in the cold for 15 hours. The mercury was filtered, the 
filtrate was passed through a column packed with aluminum oxide, and the solvent was then evaporated in the 
cold. The dry residue weighed 0.32 g. After recrystallization from carbon tetrachloride, as in the preceding 
experiment, the weight of the material was 0.24 g (68% of theoretical). M. p. 145-146"; Car — 49.6° + 2° 
(C = 0.584; 7= 1.9; a =—0.55° + 0.02°), Measurement of the radioactivity of the preparation showed that 
there was 100% exchange. 


Interaction of trans-2-methoxycyclohexylmercury chloride with calomel labeled with Hg’®. Solutions 
containing equimolar amounts of trans-2-methoxycyclohexylmercury chloride and calomel, the latter labeled 
with Hg’®, were held for specific lengths of time at constant temperature in sealed tubes or in an apparatus 
fitted with a reflux condenser. At the conclusion of the reaction, the solvent was evaporated in the cold, and 
the trans-2-methylcyclohexylmercury chloride was extracted from the residue with cold carbon tetrachloride. 
Before measurement of the radioactivity and determination of the melting point, the material was twice crys- 
tallized from methyl alcohol, The results of our experiments are presented in Table 1. — 


TABLE 1 


Molar con- {Reaction lExchange Activity of jEquilibrium 

Expt. of Solvent time, activit e 
0.05 Acetone 


i=) 


Dioxan 


0 
4 
6 
7 
1 
6 
13 
20 
66 
58 


= 


*Experiments Nos, 3-10 were carried out in sealed tubes. 


Determination of the melting points of the 2-methoxycyclohexylmercury chloride isolated after the re- 
action,and its mixtures with known samples of the cis- and trans-isomers, gave, in all experiments, the following 
identical results; the substance isolated after the reaction melted at 113°, i.e., the same as before the reaction; 
a mixture of the material with the cis-isomer melted at 84-86°; a mixture of the material with known trans- 
isomer melted at 112-113°, 


Interaction of cis-2-methoxycyclohexylmercury chloride with calomel labeled with Hg’. The isotope 
exchange reaction and the isolation of the product were carried out just as in the case of the trans~isomer. 
The experimental results are presented in Table 2. 
*It was shown by means of special experiments with a known mixture of the diastereoisomers consisting of 70% 
(1) and 30% (IL) that the treatment used in the experiment could not result in separation of the mixture with 
the isolation of pure (1). 


50 » 6 95 2520 

98 ® 0. 30 486 

98 *. 32 486 

98 ‘ 2. 6 486 

435 0. 77 1400 

135 “ 1. 178 1400 

135 . 3. 284 1400 

120 a 9. 1250 1900 

130 3. 1095 1900 

4719 


TABLE 2 


Molar conc, |Reaction Exchange Activity of [Equilibrium 
ofreacting |temp., | Solvent |time, — |preparation, lactivity, 
substances {°C hours « m min « exchange 
* hg Hg 
80 Isobutyl 2360 
alcohol 
80 | Same 
120 
Dioxane : 
130 4205 


Determination of the melting points of the 2-methoxycyclohexylmercury chloride isolated after the re- 
action,and its mixtures with known samples of the cis- and trans-isomers, gave, in all experiments, the follow- 
ing identical results; the substance isolated from the reaction mixture melted at 112°; a mixture of the material 
with known cis-isomer melted at 112-113°; a mixture of the material with known trans-isomer melted at 84- 


85°. 
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UNSATURATED HYDROCARBONS IN A THERMALLY CRACKED GASOLINE 


Academician A. V. Topchiev, I. A. Musaev, Z. Kh. Iskhakova, 
A. N. Kislinskii and G. D. Gal'pern 


In our preceding communications we have reported on the chemical composition of thermally cracked 
gasoline fractions boiling up to 60° from Grozny paraffinic petroleum [1] and on the development of a chro- 
matographic method for the separation of mixtures consisting of naphthenic-paraffinic, olefinic, and aromatic 
hydrocarbons [2]. By means of the proposed method, we separated the 60-150° fraction of this same gasoline 
into naphthenic-paraffinic, olefinic, and aromatic hydrocarbon fractions. We have also reported previously 
on the composition of the aromatic and hexamethylene fractions separated from the 60-150° fraction of the 

gasoline [3], 


In the present communication, we present data on the hydrocarbon composition of the olefinic part of 
this fraction. The olefinic fraction was distilled into 10 narrow fractions in a column of 45 theoretical plates; 
the characteristics of these fractions are presented in Table 1. 


TABLE 1 


Yield of Yield of fractions (%) 


fractions| of of 60- . 150° 20 a0 


Cut points olefinic |159° e.p. "D 
(*c/760) 8) [fraction gasoline |gasoline 


Fraction 
No. 
Mol. wt. 


Max. 
oint 


|P 


60—66 45.07 
20.99 

9.39 
32.78 
18.66 
16.54 
17.84 
27.60 
17.52 
144—150 23.81 
Residue 

150 16.4 


.3939}0.6902 
-4100)0.7196 


0.7232 
0.7868 
0.7538 
0.7462 
0.7803 
0.7751 
0.7786 


|Iodine No. 


00 CTS OD 


COO OWOD=~10 


| 


216.24 | 100.0 


Note; Fractions Nos. 1 and 2) Cg, Nos, 3, 4, and 5) Cz, Nos. 6, 7, and 8) Cg, Nos. 
9 and 10) Cy. 


The molecular weights (Table 1) show that the fractions were divided among 4 groups according to the 
number of carbon atoms in the molecule. 


Judging from its characteristics, the 5th fraction apparently consisted mainly of cycloolefins, The de- 
tailed group composition of the fractions was investigated using the sulfuric acid method, catalytic hydrogena- 
tion and dehydrogenation, and aniline points. 
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TABLE 2 


Content in fraction (wt. %)_ 
cyclo- |cyclo- 
hexenes |pentenes 


Fraction 
No. 


Boiling 
range 
(°C) 


alkenes 


60—66 
66—80 
80—90 
90—98 
98—110 
110—120 
120—123 
123—137 
137—144 
144—150 


Total 60—150° 


* The contents of cyclopentenes and cyclohexenes 
in Fraction No. 3 were determined by an optical 


method. 


TABLE 3 


Unsaturated Hydrocarbons Found in Thermally Cracked Gasoline and Their Concentra- 


tion in 150 E. P. Gasoline 


Content in 
150 e.p. 
gasoline 


(wt. %) 


Cycloolefins 


ontent in 
50 e.p. 
gasoline 
(wt. %) 


1-Hexene 
2-Meth yl-2-pentene 
3-Methyl-2-pentene 


Total 


2-Methylhexenes 

1- and 2-heptenes (1- 
heptene predominated) 

Unresolved 


Total 


2-Meth 


2,2- an 
enes 
n-Octenes 


Dimethylhex 


Total 
Cy -Olefins (CoH, 


Total Cg-Cy alkenes 


Structural groups; 
Normal olefins 
With one branch 
With two branches 
Cy-olefins 


3-Methyl-1-cyclopentene 


| 1-Methyl-1-cyclopentene 


Cyclohexene 


Total 


Methylcyclohexenes 
1,2-Dimethylcyclopentenes 
1,3-Dimethylcyclopentenes 
Ethylcyclopentenes 


Total 


1,1-Dimethylcyclohexenes 
1,2,3-Trimeth ylcyclopentenes 
1,2,4-Trimethylcyclopentenes 
1 rexenes 
1,3-Dimethylcyclohexenes 
1,4-Dimethylcyclohexenes 


Total 
1,2,4-Trimethylcyclohexenes 


1-Methyl-2~-ethylcyclohexenes 
1,1,3-Trimethylcyclohexenes 


Total CoHyg 


Total Cg-Cy cyclenes 


Structural groups: 
Without substituents 
With one substituent 
With two substituents 
With three substituents 
Unresolved 


fA 0 29 80 
a 4 38 58 
25 0 75 
; 3 29 68 
29 61 10 
. 12 30 58 
0 35 65 
: 28 41 34 
‘ 13 32 55 
; 18 37 45 
4 | 13.2 32.3 | 54.5 
1710 | 0,37 
1.38 1.02 
0.17 0.55 
1.02 
1.94 
4.28 
1,47 
0.90 2.19 
1.06 
2.69 0.15 
4.87 
0:28 3.58 
0.26 
0.59 
3.95 
3.75 0.23 
0.46 
7.46 
4,40 1.44 
3.75 
13.57 
0.55 
_ 5.30 
2.70 
2.40 
482 


As seen from Table 2, the content of cyclopentene hydrocarbons predominated considerably over the 
cyclohexenes in all fractions (Fractions Nos. 1, 2, 4, and 7 were practically devoid of cyclohexene hydro- 
carbons), 


The cyclenes were distributed irregularly through the fractians. Thus, in Fractions Nos. 8 and 10, the 
cyclene content exceeded the alkene content, the cyclene contents of these fractions being, respectively, 
69 and 55%, Fraction 5 was especially rich in cyclenes, containing 90%. 


‘The individual hydrocarbon composition of the fractions was investigated by means of Raman spectra. 
The method and equipment used were the same as used in the determination of the composition of the frac- 
tion of this gasoline boiling up to 60° [1]. 


For the most complete resolution of the fractions, the spectra of the initial olefinic fractions and the 
spectra of these fractions after hydrogenation and, beginning with Fraction No. 7, also after dehydrogenation, 
were investigated. The Raman spectra catalog [4] and other literature data [5-11] were used in the interpre - 
tation of the spectra. By means of the above-mentioned method, we were able to decipher the individual 
hydrocarbon compositions of the first five fractions (to 110°). In the higher-boiling fractions (110-150°), only 
the carbon skeletons of the olefins were determined without indicating the positions of the double bonds in the 
molecules, 


The total data on the individual hydrocarbon composition of the unsaturates, separated from the 60-150° 
fraction of the thermally cracked gasoline, are presented in Table 3. 


As seen from Table 3, the aliphatic olefins are represented mainly by unbranched and slightly branched 
olefins, and the cyclenes by mono- and disubstituted compounds. Diolefins and olefins with quaternary carbon 
atoms were not found. They are apparently not present in this gasoline, or their amounts lie beyond the limits 
of determination by spectral analysis. No saturated hydrocarbons were detected in the olefinic fractions. 
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MASS SPECTROMETRIC STUDY OF THE SUBLIMATION OF GERMANIUM DIOXIDE 


S. A. Shchukarev and G. A. Semenov 


(Presented by Academician A. N. Terenin, February 5, 1958) 


The study of germanium compounds formed as surface films has attracted a great deal of attention, since 
the properties of this metal as a semiconductor depend to a great extent on the state of its surface. From this 
point of view, a knowledge of the thermodynamic characteristics of germanium dioxide, particularly the vapor 


pressure and heat of sublimation, is very essential, the more so since up to the present time these properties 
have not been generally studied. 


Davydov [1], using the effusion method of Knudsen, measured the pressure of the saturated vapor over 
solid GeO,. The heat of sublimation in the temperature ranges 886-980° and 1025-1078° was found to be 29.5 


kcal/mole and 71.5 kcal/mole, respectively. The author ascribed this sharp change in the heat of sublimation 
to a phase transition at 1000°. 


MS-1 and MS-~4 type mass spectrometers were used in the execution of the present work. The ion source 
did not differ in principle from that described by Aldrich [2]. The germanium dioxide was placed on a plati- 
num vaporizer, which consisted of a ribbon sealed by precision welding to a nichrome holder. The vapor was 
passed through a small hole into the ionization chamber, where it was ionized by electron impact. The tem- 


_ perature of the vaporizer was measured with a platinum—platinum-rhodium thermocouple sealed to the vapo- 
rizer. 


In the source used by us, the value of the ion current was related to the vapor pressure of the material 
by the relationship [3]; 


I 


The coefficient k depends on the geometry of the apparatus and on the effective ionization cross-section; there- 
fore, the direct determination of k and, by the same token, of the vapor pressure of the material is difficult. 
Nevertheless, the heat of sublimation can be determined by measuring the dependence of the ion current on 


temperature and constructing a graph of log (I* T) against f + . 


In preliminary experiments, we determined the value of the heat of sublimation of silver, for which 
numerous reliable data are available in the literature. According to our data, AH of sublimation in the in- 
terval 680-820 is equal to 66.5 + 0.5 kcal/mole, which is in good agreement with the values 65.5 kcal/mole 
[4] and 68 kcal/mole [5]. Only the ion Ag* was detected in the mass spectrum of the silver vapors. 


The germanium dioxide was prepared by dissolving metallic germanium in a nitric acid solution of hy- 
drogen peroxide. The GeO, was then recrystallized from hot water. 


In Table 1 are presented data on the mass spectrum of the vapor over GeOg. The measurements were 
carried out at a vaporizer temperature of 1000°, an electron emission current of 1.5 ma., and three different 
fonization potentials. In compiling the table, we totaled the intensities of the ion currents corresponding to 


the separate germanium isotopes, and related them to the ion current of Ge,0;, the intensity of which was 
taken as unity. 


TABLE 1 


Ionization 
potential, V Get 


-56 
3 
19 


.22 
13 


We also detected the Ge,0} and GeO} ions, the currents of which comprised about 0.5% of the current 
of GesO}. In Fig. 1 is presented the part of the mass spectrum corresponding to the groups of GeO} and Ge,O$. 


Ge,0; 


721% 176 178 100 182 106 258 202 26 20 om 


Fig. 1. Mass spectrum of the vapor over germanium 
dioxide. 


For certain mass spectra groups, the dependence of the ion current intensities on temperature was meas~- 
ured (the measurements were carried out for the highest peak in the group). The enthalpy values (in kcal/ 


mole), calculated from the slope of the straight lines log (I* T) against f + » were; 


Ion Get GeOt GeO; GeO; OF 
AHy 10645 40142 10844 11345 108 110 


It was not possible to measure the temperature dependence of the GeO, ion current owing to the very low in- 
tensity. 


Within the limits of error of our measurements, we did not observe any breaks in the curves of log (I+ T) 
against f = . The magnitude of the vapor pressure of Ge,O,can be calculated from a comparison of the 


ion currents of Ge,Of and Ag+. The ratio of the ionization cross-sections of the molecule Ge,O, and the Ag 
atom is close to 4:1 [6]. Whereupon, we may assume; 


where I%T, and I* 41 are related to the ion currents of Ag* and Ge,O;*, respectively, This equality held for 
our ion source at, for example T; = 1073° and Tz = 1338°. The vapor pressure of silver at 800° is 6 -10°5 mm 


Hg [4, 5]. Consequently, the vapor pressure of Ge,Oy at a temperature of 1065° is approximately of the order 
of 21075 mm Hg. 


O,+ 
Ye 70 | 4.15 0 0.95 0 2.6 0.15 
ae 40 4 0.85 | 0 0.55 | 0 
ae 15 1 0.48 | 0 0.42 | 0 
486 


Thus, with respect to the composition of the gas phase, the vaporization of germanium dioxide is anal- 
ogous to the case of SiO, [7, 8], where chiefly molecules of SiO are observed in the vapors, The stability 
of GeO toward disproportionation has been previously demonstrated by calculation [9]. 
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THE EFFECT OF SILICON ON THE SOLUBILITY OF OXYGEN IN 


IRON-CHROMIUM MELTS 


V.V. Averin and Corresponding Member AN SSSR A. M. Samarin 


The present communication reports the results of an experimental study of the effect of silicon (up to 
1.5%) on the solubility of oxygen in liquid iron-chromium melts at 1600°. 


The method of investigation has been previously described [1, 2]. The attainment of equilibrium was 

' determined by the distinct appearance of an oxide phase on the surface of the liquid metal. After equilibrium 
had been established, samples of the metal were collected, the composition of the metal being varied by the 
introduction of chromium and silicon, The experimental results: are presented in Fig. 1. 


Fig. 1. The effect of silicon on the solubility of oxygen in 
iron-chromium melts at 1600°. The solid points mark the 
results of determinations of the concentration of oxygen in 
an Fe—Cr—Ni alloy (10% Ni). Figures at the points indicate 
the silicon concentration; 1) 0% Si, 2) 0.2% Si, 3) 0.5% Si, 
4) 1.5% Si. 


On the basis of the data of Fig. 1, the following conclusions may be formulated: 


1. The experimentally determined solubility of oxygen in the iron-chromium melts, is in good agree - 
ment with previously published data [3, 4]. 


2. The addition of nickel (10%) to the iron-chromium melts does not result in a change in the solubility 
of oxygen. This indicates that it is possible to evaluate the limiting solubility of oxygen in stainless steels by 
a study of the solubility in binary systems of chromium and iron. The addition of nickel leads to a smooth 
change in the concentration of oxygen with a change in the iron-chromium ratio, Apparently, this is explained 
by a change in the structure of the oxides formed in the chromium content interval of 3 to 10%. According to 
literature data [4], spinels with a deformed lattice are formed at these chromium concentrations in the iron- 
chromium system. 
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3. The presence of silicon decreases the solubility of oxygen in iron-chromium melts. 


4. The presence of chromium leads to a significant decrease in the deoxidizing properties of silicon 
in iron-chromium melts, Thus, at 18% Cr and 0.80% Si in the melt, in spite of a decrease in the oxygen content 
by a factor of two, the residual concentration of oxygen is 0.020% as against an oxygen concentration of 0.005% 
for iron with the same silicon content. 


5. At constant chromium content (greater than 10% Cr), with an increase in the silicon concentration 
there is a decrease in the reducing power of the silicon, At 18% Cr and 1600°C, the relationship between the 
residual oxygen concentration and the silicon content is given by the equation log [% O] = — 0.40 (% Si] — 1.38. 


6. In the range of silicon concentrations studied (0.2- 1.5% Si), the equilibrium oxide phase appearing 
as a result of the interaction of the gas mixture with the liquid metal consists basically of silica. 
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THE EFFECT OF THE SOLVENT ON COORDINATION REACTIONS AND 
THE EFFECT OF "NEGATIVE COMPLEX FORMATIONS" 


A. M. Golub 
(Presented by Academician I. I. Chernaev, March 8, 1958) 


It was previously shown [1] that in the presence of low concentrations of solvents such as alcohol, acetone, 
and dioxane, the nature of complex formation in aqueous systems remains the same as in pure aqueous solutions. 
A considerable increase in the concentrations of the nonaqueous solvents can change sharply the course of the 
complex formation reactions [2]. 


With the aim of clarifying the effect of high concentrations of the nonaqueous solvent on the complex 
formation reaction, we have studied the system Cd* — CNS — H,O —dioxane potentiometrically. Measurement 
of the e. m. f. was carried out with the following cell: 


Cd (Hg) | Cd (NOs)2, H20, Dy | KNOs | KCI | Hg. 


where Dy indicates dioxane and Cd(Hg) is cadmium amalgam, which served as the indicator electrode. The 
concentration of the cadmium salts in the mixtures investigated was constant (0.01 M). Three series of ex- 
periments were carried out; at dioxane concentrations in the mixtures of 2.5, 5 and 7.5 molar. The investiga- 
tion was carried out at a temperature of 20° + 095°. The results of the potentiometric measurements (see Tables 
1-3 and Fig. 1) were treated as in the works cited above. 


TABLE 1 


Results of the Potentiometric Study of the System Cd** —CSN™— 
HgO—Dy at a Dioxane Concentration of 2.5 M. 


Concen- 


tration of Ig [Ca** 
KCNS E(v) 


—0.6404 —2.000 

0.3657 ~-0.6964 —3.9310 
0.4876 —0.7060 —4.2621 
0.7314 —0.7187 —4.7010 
0.9752 —0.7283 —5.0310 
1.2190 —0.7364 —5.3103 
1.4628 —0.7470 —5.6759 
1.7066 —0.7543 | —5.9276 
1.9504 —(.7606 —6.1448 
2.1942 —0.7669 —6 .6327 


cH 


pep 


| i | 


Average. . . 


9 
8 
9 
9 
9. 
6.67 9.26 
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Before beginning the investigation of the solutions, we attempted to clarify how dioxane behaves to- 
ward cadmium salts, which, in general, dissociate very readily. It was established that cadmium nitrate and 
perchlorate are readily soluble in dioxane. We isolated the molecular compounds Cd( NO,),* 2Dy and Cd(ClO4),°: 
*2Dy in the form of colorless crystals from saturated solutions of cadmium nitrate and perchlorate. 


TABLE 2 


Results of the Potentiometric Study of the System Cd**-CNS"—H,O- Dy 
at a Dioxan Concentration of 5M 


Concn. 
of Kons | | 


—0.6399 
0.4884 

0.7326 
0.9768 
1.2210 
1.4652 
1.7094 
1.9536 
2.1978 


1.67 
+0.05-70-4 


From this, it would be expected that cadmium ions are capable of combining with dioxane in the pre- 
sence of water to form complexes. But since the concentration of dioxane was constant in each series of ex- 


periments, this should not interfere with the determination of the composition of the thiocyanate complexes 
of cadmium. 


In Tables 1-3 are presented the values of the 
dissociation constants of the complex, which is the 
dominant factor in the specific region of complex 

TABLE 3 former concentration. The subscript at K indicates 
the number of thiocyanate ions entering into the com- 


Results of the Potentiometric Study of the System position of the corresponding complex. 


Cd**—CNS”—H,O—Dy at a Dioxane Concentra- 
tion of 7.5M Since proof of the higher coordination groups 

was more important to us, for the sake of brevity, data 

on solutions in which the simplest complexes are formed 
- seat s| E(v) Ig [Ca*+] were omitted from the tables, As seen from Table 1 and 
Fig. 1, already at 2.5 moles of dioxane, it was consider- 
act —0.6308 } ably easier (on the score of concentration conditions) to 
1.195 | —0.7772 ‘ detect the complex Cd(CNS)3 than it is in aqueous solu- 
tion, where the formation of this complex corresponds 
4.912 |—0.8080 : : to 1-2 moles of KCNS [3] (under otherwise equivalent 
conditions). Moreover, in the mixed solution at 2.5 
moles of dioxane, a more complicated complex was 
observed, namely Cd(CNS);. 


Average . 


At higher concentrations of dioxane (see Tables 
2 and 3) it was possible to detect not only the complex 
Cd(CNS)j , but also Cd(CNS)$". Thus, the introduction 
of dioxane increases the coordination potential of cadmium, for which a coordination number of 6 in anions is 
considered uncharacteristic. Moreover, at first glance, this is contradictory to the fact that molecular compounds 
are formed between cadmium salts and dioxane, because it is quite difficult to imagine that cadmium would 


—2.000 
—4,8034| 1.52 
—5.3034| 1.73 
—5.6931| 1.72 
—5.9966| 1.70 1.96 
—6.3069 
—6.5847 2.02 5.27 
—6.9345 5.37 
—7,2000 6.03 
+0.03-40=4 | 40.20.1074 
/ 
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coordinate more thiocyanate ions in the presence of dioxane than in aqueous solution. In order to answer this 
question conclusively, we alsocarried out potentiometric measurements on the system cd**-H,0 —Dy. The 
e.m.f, measurements in this case were carried out similarly to the above-described experiments at a constant 


concentration of Cd( NOs)s (0.01 M) and with increasing concentrations of dioxane (0.1-6.5 M). The results 
of these measurements are presented in Table 4. 


As seen from Table 4, in place of the expected 
decrease in electrode potential values, which would 
indicate tying up of the cadmium ions in a complex, 
some increase in electrode potential was observed as 
the concentration of dioxane in the solution was in- 
creased, This provides a basis for the assertion that in 
aqueous solutions, complex groups of cadmium with 
dioxane are not formed, Further, tracing the change 
in electrode potential with increasing dioxane con- 
centration, it may be said that so-called “negative 
complex formation" occurred, i.e., a tendency toward 
the formation of more free (in the sense of solvation) 
potential-determining ions. This is understandable if 
one takes into account the interaction of the nonaqueous 
solvent by hydrogen bonding with the water molecules 
which bond to the cadmium ions, If it is assumed that 
in the latter mixtures (Table 4) all cadmium ions are 
bound to dioxane molecules, and if one calculates the 
concentration of "free" ( with decreased hydration) and 
“bound” (hydrated) cadmium ions by means of the de- 


Cd( CNS crease in e.m.f, from the last to the first mixture with 
Fig. 1. Dependence of log oo ia on an increase in the concentration of H,O in the mixture, 
log [CNS]. 1) At a dioxane concentration of 
2.5 moles/iiter, 2) at a dioxane concentration 


Cd 
of 5 moles/liter, 3) at a dioxane concentration g sess he anal = f (Ig [H,0}) 
of 7.5 moles/liter. [Cd (H30),,| (1g [H:0] 


05 
Ug —— 


it is easy to find x — the change in the number of molecules of water grouped around the Cd*+, with a change 
in the dioxane concentration of 6 M, even a very approximate calculation shows a decrease in the number of 
water molecules hydrating each cadmium. In the presence of ions which are capable of forming a complex 
with Cd?* ions, this dehydration must be appreciable. 


TABLE 4 Considering this last effect, it is easy to explain 
the increase in the coordination number in cadmium 
Changes in the Electrode Potential of Cadmium in complexes with an increase in the dioxane concentra- 
the System Cd**—H,O-Dy tion in the solution, since dehydrated cadmium ions 
add thiocyanate ligands much more readily than do 
Dioxane Dioxane hydrated ions. It is — to assume, therefore, that 
E(v) concn, in aqueous solutions, is surrounded by six water 
molecules. It is well known that even in the solid state 
—0.6441 . cadmium perchlorate exists in the form Cd(C10,) > 6H,O 
—0.6438 . In the presence of an excess of thiocyanate ions, it is 
a "9: possible that the coordination sites are substituted (but 
—0.6420 z not completely) by thiocyanate, whence it is possible 
—0.6407° to isolate the molecular salt CNS), +2H,0 [3, 4]. 
; In mixed solutions in which there is a greater concen- 
tration of alcohol, acetone, or dioxane, each of which 
is capable of forming hydrogen bonds, the cadmium 
cations are more readily denuded, and in the region of 


| 


high concentrations of thiocyanate ions, the highest coordination complex Cd( cns}f will be formed, which is 
what is actually observed, 
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INVESTIGATION OF THE THERMAL TRANSFORMATIONS OF PHENOL 
UNDER HIGH HYDROGEN PRESSURES 


M. G. Gonikberg and Li Guan-Nian' 
(Presented by Academician B. A. Kazanskii, March 14, 1958) 


Ipatieff and Orlov [1] and also Kling and Florentin [2, 3] pointed out the high thermal stability of phenol 
at 500°. Only at higher temperatures of 650-750° were thermal transformations of phenol observed, and inthe 
gaseous reaction products the presence of hydrogen, methane, carbon monoxide, ethylene, acetylene, and buta- 
diene has been established [4, 5]. Cawley [6] investigated the thermal conversions of phenol at 410, 430, and 
450° in the absence of catalysts but under hydrogen pressure. Under certain conditions studied by us (under an 
initial hydrogen pressure of 100 atm), phenol underwent very insignificant transformation with the formation 
of benzene, the yield of which at 450° (after 2 hours) was only 1.8% of the initial phenol. 


The investigation of the thermal conversion of phenol at high hydrogen pressures was carried out in a 
stainless steel reactor with a hydraulic closure and a volume of 120 ml. Forty g of phenol was charged to the 
reactor in each experiment. The phenol was first distilled in a fractionating column with an efficiency of 25 
theoretical plates; the b. p. was 181.8-182.0°/760 . The initial hydrogen pressure was from 100 to 300 
atm in the various experiments, The temperature of the experiment was held constant within the limits of + 2° 
over a period of 3 hours. The working pressure was from 260 to 680 atm in the various experiments. At the 
conclusion of an experiment, the pressure was slowly reduced to atmospheric; the liquid product was collected 
in cooled traps, The reactor was then washed with ether, which was added to the product, and the combined 
liquids were dried over anhydrous sodium sulfate. 


The reaction products were distilled in a fractionating column with an efficiency of 25 theoretical plates, 
the ether distilled first, and then the following fractions were collected: Fraction I, boiling range 60-83°; Frac- 
tion II, boiling range 83.1-175°; Fraction III, boiling range 175.1-183°. Fraction I contained primarily benzene; 
about 90% of this fraction boiled at 75-83°, nf} 1.4863 — 1.4918. By a second distillation of the combined Frac- 
tions I from six experiments and subsequent chromatographic separation with silica gel, we were able to isolate 
a cyclohexane fraction with nv 1.4238; the somewhat low value of nv} indicates the possible presence in this 
fraction of methylcyclopentane and hexane, Fraction II (nf 1.4948-1.4975) was an inter-plateau fraction (no 
indications of a plateau were observed on the distillation curve), Fraction III contained unchanged phenol. The 
high-boiling residue (boiling above 183°) was investigated separately. 


In agreement with reference [6], the experiments carried out at 460° and an initial hydrogen pressure of 
100 atm showed that the formation of benzene proceeds to a very slight extent under these conditions. 


The results of the experiments carried out at 490°, r+ = 3 hours, and various initial hydrogen pressures, are 
presented in Table 1. From a consideration of the data presented in this table, it follows that with an increase 


in the initial hydrogen pressure from 100 to 300atm., the yield of the benzene fraction increases by almost a 
factor of 3. 


As seen from Table 1, the deviations among the results of parallel experiments were small. 


In order to determine whether this process is homogeneous, experiments were carried out at 490°, an initial 
hydrogen pressure of 100 atm, and a reaction time of 3 hours and with the addition to the reactor of shavings 
from the same stainless steel from which the reactor was constucted. The surface area of the shavings was 


550 sq. cm; the area of the inside surface of the reactor was 330 sq. cm. The experiments showed that the 
surface of the metal and the ratio of the area to the reactor volume had no effect on the reaction rate: 


S, sq. cm, 330 880 
S/v, 2.75 17.2 
Yield of Fraction1, wt. %of phenol charged 8.5 8.8 


Thus, this process is homogeneous. 


After the distillations, the residues were combined and again distilled in the fractionating column. The 
fraction boiling at 183-185° (36 wt. %) was unchanged phenol; the fraction boiling at 185.1-215° (18 wt. %) 
consisted mainly of p-cresol, which was identified as p-toloxyacetic acid, m. p. 135,5-136°. After distilla- 

tion from a column, the residue was distilled from a Claissen flask; this gave fractions 
0, boiling at 220-257° and 257-260° and also a solid residue, in which, after removal of 
qag the higher phenols (solubie in alkali), was established the presence of diphenylene 
oxide [dibenzofuran], m. p. 81-82° (from methyl alcohol), According to the litera- 
ture [7], m. p. 82.8". 
Found %; C 85,75; H 4.90. CygHyO. Calculated %; C 85.72; H 4.76. 


The fraction boiling at 220-257° contained biphenyl, m. p. 69-70; the melting sample containing pure 
biphenyl was unchanged. The fraction boiling at 257-260°, judging from the analytical data, apparently con- 
tained tetrahydrodiphenylene oxide [tetrahydrodibenzofuran]. 


Found %; C 83.54, 83.65; H 7.44, 7.45. CygHjO. Calculated % C 83.66; H 6.97. 


Table 2 presents the data on the composition of the gaseous reaction products. 


The data of Table 2 (the last column in particular) indicate a considerable acceleration of the thermal 
decomposition of phenol with an increase in hydrogen pressure. The hydrocarbon composition of the gaseous 
reaction products within the pressure interval studied exhibited no essential change. 

TABLE 1 


Thermal Conversion of Phenol at High Hydrogen Pressures (t = 490°, r = 3 hours) 


Initial Yield of liquid products* (in wt. % of phenol charged) 


hydrogen 
pressure 


in atm. 


Working 
pressure 
in atm. 


total 


including 


fraction I 
60-83° 


fraction II 
83-175° 


fraction III 
175-183° 


* Water-free. 


The initial stage in the thermal decomposition of phenol is apparently the rupture of the O—H bond with 
the formation of a phenoxyl radical (cf. [8]). Therefore, the presence of diphenyl ether in the reaction pro- 
ducts would be expected; however, we were unable to isolate this ether from the high-boiling fractions. We 
assumed that the diphenylene oxide could have been formed from diphenyl ether. This assumption was con- 
firmed by an experiment carried out with diphenyl ether (32 g) at 490°, r = 3 hours, and an initial hydrogen 
pressure of 200 atm. In the reaction products, along with unreacted diphenyl ether, was found 13.8 wt. % 


4 

: 

ne 100 260 92.3 8.2 2.3 66.0 15.8 

ee 100 275 93.0 8.9 3.4 64.2 16.5 

an 200 425 84.8 15.3 3.4 50.0 16.4 

ety 200 435 84.4 16.4 3.6 48.5 45.9 

vie 300 680 80.9 24.6 4A 40.2 12.0 

oe 300 675 77.4 22.2 3.2 42.8 9.2 
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benzene and 14.3 wt. % phenol. Diphenylene oxide was isolated from the high-boiling residue (6.1 wt. rT); 


a mixed sample with diphenylene oxide obtained in the experiments with phenol (see above) melted without 
change of the melting point. 


TABLE 2 


Composition of the Gaseous Products in Volume Per Cent (experiments 
carried out at 490°, r = 3 hours) 


gen pressure Cli, Cally co 


3, | 0.7 0.4 
3. 2.7 | 1.0 2 


_inatm. of phenp 


The investigation showed that thermal conversions of phenol at high hydrogen pressures lead to the forma- 
tion of benzene as the major product. The presence of p-cresol, biphenyl, and diphenylene oxide, and also, 
apparently, tetrahydrodiphenylene oxide, was established in the high-boiling reaction products. It was shown 
that this process is homogeneous, and it was found that the yield of benzene, and of gaseous reaction products 
as well, increase considerably with an increase in the hydrogen pressure. 


A comparison of the available literature data on the considerable thermal stability of phenol at 500° 
with the results of the present investigation permits the conclusion that this reaction proceeds by a radical- 


chain mechanism with the participation of hydrogen. The course of this mechanism can be represented as 
follows; 


CsH;0OH + H" (1) 
H' + C,H; + (2) 
Ls CO + Hydrocarbon radicals, R (3) 
CoHs + Hz > + H ( 4) 
RH+H (5) 
+ CoHs-CyHs 
CoHs 4- CoHs0° (CoHs)20 + (CgHa)xO + He 
Diphenylene oxide 


Reaction (1) is the first stage of the thermal decomposition of phenol; the interaction of the atomic hy- 
drogen resulting from this reaction with a molecule of phenol (Reaction (2)) leads to the cleavage of the hydroxyl 
group from the benzene ring (similarly to the dealkylation of alkylbenzenes [9]). This process is accelerated by 
hydrogen pressure, since the latter determines the rate of Reaction (4) and the similar Reaction (5), in which 
molecular hydrogen participates, generating atomic hydrogen. 


Our experiments showed that hydrogen pressure accelerates the decomposition of phenol with the forma- 
tion of gaseous products. We assume that this process is also associated with the participation of atomic hydro- 
gen, the addition of which to one of the carbon atoms of phenol leads to a decrease in the strength of the bond 
between this and the neighboring carbon atoms. Rupture of this C—C bond apparently leads to the formation of 
an unstable bi-radical which undergoes further decomposition to carbon monoxide and hydrocarbon radicals. 


The latter, in turn, can alkylate molecules of phenol with the formation of p-cresol, in particular, which was 
found in the reaction products. 


As seen from the proposed scheme, Reactions (2)-( 5) are chain-developing processes, and Reactions (6) 
and (7) are processes of chain termination; the higher the hydrogen pressure, the longer are the reaction chains. 
Thus, this scheme satisfactorily interprets our data on the composition of the products of the thermal conversion 
of phenol under high hydrogen pressure, and it also satisfactorily interprets our data on the effect of the magni- 
tude of this pressure on the rate of the various stages of this process. 


| | in mole % 
100 90,1 | 4.7 
300 87.0 6 7.4 
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REACTIONS OF 1,1'-DIMETHYLFERROCENE 


Academician A. N. Nesmeianov, E. G. Perevalova, 


Z. A. Beinoravichute and I.L. Malygina 


The effect of substituents (acetyl, ethyl, p-nitrophenyl, carboxyl, and sulfonic acid groups) on the reac- 
tivity of the ferrocene nucleus has previously been noted [1-6]. 


The reactions of 1,1'-dimethylferrocene were investigated in the present work. Metalation and acyla- 
tion of this compound were studied. 


Attempts to metalate 1,1'-dimethylferrocene with n-butyllithium under conditions under which this 
reaction was carried out with ferrocene [7] were unsuccessful; dimethylferrocene was recovered unchanged. 
Methyl groups hinder the metalation of the ferrocene nucleus. 


We used n-amylsodium as the metalating agent, this compound giving in the. case.of ferrocene, as shown 
by the present work, higher yields of 1,1'-ferrocenedicarboxylic acid than did phenylsodium. Moreover, the 
use of phenylsodium is less satisfactory owing to the formation of considerable amounts of benzoic acid [7]. 


Two courses of reaction are possible in the metalation of 1,1'-dimethylferrocene with n-amylsodium: 
substitution of a hydrogen of a methyl group or of a hydrogen of a cyclopentadienyl ring. By analogy to toluene, 
metalation of a methyl group would be expected. However, this possibility did not occur; metalation of 1,1'- 
dimethylferrocene with n-amylsodium occurred in the cyclopentadienyl ring. The main reaction product (52%) 
yield was a dimethyl ferrocenedicarboxylic acid with a decomposition temperature of 196-200°. Two other 
acids were isolated in very small amounts. One of these was an isomer of dimethylferrocene dicarboxylic acid, 
and the other was not investigated. All three acids gave solid dimethyl esters, and, consequently, none was 
di( carbox ymethyl)ferrocene, which forms a liquid dimethyl ester [9]. The relative ctu of the methyl and 
carboxyl groups have still not been established. 


The acylation of dimethylferrocene was carried out with acetyl chloride in the presence of AICl,. The 
resulting dark red, viscous liquid was a mixture of acylation products and the original dimethylferrocene, which 
was readily removed chromatographically, The acylation products could not be separated by this method, On 
long standing, diacetyldimethylferrocene crystallized from the mixture, and this material was separated into 
two isomers by fractional crystallization. A comparison (of the melting points) with the diacetyldimethyl- 
ferrocene isomers obtained by Rinehart and Motz [10] permits the assumption that our substances were stereo- 
isomeric 1,1'-dimethyl-2,2'-diacetylferrocenes. 


Monoacetylated dimethylferrocene was separated chromatographically from the liquid remaining after 
removal of the crystals. Oxidation of the same mixture with sodium hypochlorite gave dimethylferrocenetri- 
carboxylic acid, which was identified as the trimethyl ester. Dimethyltriethylferrocene was isolated from the 
mixture after reduction with LiAlH,. 


The formation of dimethylferrocene tricarboxylic acid and dimethyltriethylferrocene shows that, in con- 
trast to ferrocene, acylation of dimethylferrocene forms the triacylated product. This indicates considerable 
activation of the ferrocene nucleus by the methyl groups substitution reactions, 


Furthermore, the initial mixture of products was subjected to catalytic hydrogenation under pressure in 
the presence of skeletal nickel [11] with the aim of establishing the structures of the acylation products from 
the structures of the resulting alkylcyclopentanes, 


Distillation of the hydrogenation products in a column isolated four alkylcyclopentanes; methylcyclopen- 
tane, two methylethylcyclopentanes, and an alkylcyclopentane with a b. p, of 151-152,5°, which was probably 
the previously undescribed methyldiethylcyclopentane and which was formed from an acetyldimethylferrocene 
or a diacetyldimethylferrocene in which both acetyl groups were present on one cyclopentadienyl ring. The 
formation, during the acylation of dimethylferrocene, of such a diacetyldimethylferrocene in comparatively 
high yield is entirely possible as a consequence of the effect of the CHg groups, since even during the acyla- 
tion of ferrocene itself, as is well known [5], a small amount of 1,2-diacetylferrocene is obtained. 


EXPERIMENTAL METHODS 


Metalation of Ferrocene with n-Amylsodium 


To n-amylsodium, prepared from 11 g (0.48 g-atoms) of sodium and 25.5 g (0.24 mole) of n-CsHj,Cl in 
absolute octane [8], was added 11 g (0.059 mole) of ferrocene. The reaction mixture was stirred for 3.5 hours 
while heating at 100°, and was then allowed to stand overnight; the mixture was then poured onto solid COg:. 
After 1 hour, 50 ml of methanol and 300 ml of water were added. The octane was separated. The aqueous 
layer was washed with ether. The ether solution was added to the octane solution. Distillation of the solvent 
yielded 3,2 g (29% of that introduced into the reaction) of ferrocene. 


The aqueous layer was acidified with concentrated HCl. The precipitated 1,1'-ferrocenedicarboxylic 
acid was filtered and washed with hot water and hot benzene. The yield was 11.5 g ( 68% of theoretical, or 
practically quantitative if the unreacted ferrocene is taken into account). The dimethyl ester of this 1,1'- 
ferrocenedicarboxylic acid had a m. p. of 114-115°; a mixture with a known sample [12] showed no depression 
of the melting point. 


Preparation of 1,1'-dimethylferrocene. 1,1'-Dimethylferrocene was prepared by the interaction of methyl- 
cyclopentadienyllithium* with FeCl, in ether solution. The yield was 37% of theoretical. M. p. 32.5-33° (from 
petroleum ether by cooling to — 20°); 1.2349; nj 1.5900. 


Metalation of 1,1'-dimethylferrocene with n-amylsodium. Metalation of 1,1'-dimethylferrocene (4.4 g; 
0.0205 mole) was carried out as described for ferrocene. 1.2 g (27%) of the ferrocene was recovered unchanged. 


The resulting mixture of acids was extracted with hot benzene and ether, Theresidue was dimethylferro- 
cenedicarboxylic acid. The yield was 3 g (52% of theoretical), Decomposition temperature 196-200° ( from 
alcohol), 


Found %; C 55.96, 56.03; H 4.97, 5.04; Fe 18.99, 18.91. Cy4HyO,Fe. Calculated %; C 55.62; H 4.63; 
Fe 18.54, 


The dimethyl ester melted at 106-107° (from petroleum ether and methanol), Infrared spectrum (in 
vaseline oil); ** 828; 854; 908; 940; 983; 1044; 1101; 1195; 1226; 1300; 1384; 1400; 1560; 1712 em”, 


Found %; C 58.41, 58.33; H 5.65, 5.58. CygHygO,Fe. Calculated %; C 58.18; H 5.45. 


From the benzene -ether extract was isolated 0,2 g of the isomeric dimethylferrocenedicarbox ylic acid 
(washed with hot water and ether), decomposition temperature above 220° (from alcohol). 


Found %; C 55.97, 56.12; H 4.86, 4.96; Fe 18.41, 18.33. CyHy Oe. Calculated %: C 55.62; H 4.63; 
Fe 18.54, 


Treatment of the acid with diazomethane gave the ester, m. p. 81-82°. Infrared spectrum (in vaseline 
Oil): 832; 851; 906; 942; 982; 1044; 1099; 1151; 1193; 1220; 1308: 1392; 1460; 1560; 1712 cm“, 


From the ether, with which the acid was washed, was isolated a very small amount of an acid with a 
decomposition temperature of 132-140°; the methyl ester melted at 75-76". 


Acylation of 1,1'-dimethylferrocene. To a mixture of 13.3 g (0.1 mole) of AlCl,, 40 ml of CS2, and 
8 ml (0.1 mole) of CHyCOC1 was added, over a period of 2 hours with vigorous stirring in an atmosphere of 
*The authors wish to thank N. 1. Shuikin and T.1, Naryshkina for the gift of the methylcyclopentadiene. 
**The i. r, spectrum was taken by L. A. Kazitsina and B. V. Lokshin. 
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nitrogen,* 8 g (0.034 mole) of 1,1'-dimethylferrocene dissolved in 40 ml of CSg. Stirring was continued for 

20 minutes at room temperature and 1.5 hours with heating just barely to boiling. The reaction mixture wan 
then cooled with ice water, The CS, layer, which became almost colorless, was decanted, and the residue 

was treated with cooled 1% HCl and then extracted with ether, From the ether extract was obtained 8.4 g of 

a mixture of acylation products and unreacted 1,1*-dimethylferrocene; the mixture was dissolved in a mixture 
of petroleum ether and benzene (1; 3) and resolved chromatographically over Al,O,;. There were three bands 
in the column. 1.3 g (16%) of the original 1,1'-dimethylferrocene was eluted with petroleum ether from the 
lower, yellow band. The middle, crimson-colored band was eluted with absolute benzene. This gave 0.3 g 

of crimson material which, in contrast to the acylated dimethylferrocene, was not soluble in concentrated HCl. 
This material was not investigated further. 


The last band (dark red color) was eluted with methanol. This gave 5.9 g of a liquid mixture of acylated 
dimethylferrocenes in which, by the different methods described below, were detected a monoacetyldimethyl- 
ferrocene, three diacetyldimethylferrocenes, and a triacetyldimethylferrocene. 


Diacetyldimethylferrocene. 0.5 g of an orange-red crystalline material, which was purified chromato- 
graphically over Al,O;, separated from 5.9 g of the mixture of dimethylferrocene acylation products when the 
latter stood for 1 month at a temperature of from —10 to—12°, m. p. 93-94". Diacetyldimethylferrocene with 
am. p. of 87.5-88.5° was obtained by recrystallization from methanol (precipitated on standing for a day at 
0-5°). 


Found %; C 64.09, 64.14; H 6.00, 6.11. CygHygO,Fe. Calculated %; C 64.45; H 6.09. 
Diacetyldimethylferrocene with a m. p. of 98.5-99.5° was isolated from the mother liquor. 


Found %: C 64.63, 64.66; H 6.17, 6.14; Fe 18.72. CygHygO,Fe. Calculated %;: C 64.45; H 6.09; 
Fe 18.73. 


These substances are probably stereoisomeric 1,1'-dimethyl-2,2'-diacetylferrocenes, for which Rinehart 
and Motz [10] reported melting points of 84-86° and 102-103". 


Monoacetyldimethylferrocene. The mixture of acylation products remaining after separation of the di- 
acetyldimethylferrocene was dissolved in a mixture of petroleum ether and benzene (1; 1):and passed through 
a column packed with Al,O,. The fraction eluted with CH,OH was again chromatographed. Monoacetyldi- 
methylferrocene was obtained as a reddish brown oil. . 


Found %; C 65.47, 65.34; H 6.26, 6.54, CygHygOFe. Calculated %; C 65.61; H 6.29. 


The semicarbazone of the monoacetyldimethylferrocene decomposed at 147-150° (reprecipitated from 
C,H;OH-water). 


Found %; C 57.29, 57.08; H 6.03, 6.03; Fe 18.13, 18.00. CysHigNsOFe. Calculated % C 57.52; H 6.12; 
Fe 17.83, 


1,1'-Dimethylferrocenetricarboxylic acid. One g of the mixture of acylation products remaining after 
separation of the diacetyldimethylferrocene was dissolved in 5 ml of methanol and oxidized with sodium hypo- 
chlorite [5]. 0.35 g of the acylation product was recovered. 0.06 g of dimethylferrocene tricarboxylic acid 
(washed with hot benzene) was isolated, the trimethyl ester of which melted at 83-84° (from benzene and from 
alcohol). 


Found %:; C 55.60, 55.62; H 5.19, 5.20, CygHggOgFe. Calculated %: C 55.69; H 5.19. 


1,1'-Dimethyltriethylferrocene. 1.5 g of the acylated dimethylferrocene (after separation of the diacetyl- 
dimethylferrocene) was reduced with LiAlH,[7]. From the resulting mixture was chromatographically separated 
dimethyltriethylferrocene — a reddish brown, oily substance. It altered rapidly in air. 


*When the reaction is carried out in air, there is sometimes formed a dark, powder material which contains 
halogen and which is not soluble in organic solvents or acids. 


Found %; C 72.33, 72.19; H 8.45, 8.55; Fe 19.11, 18.54. CygHgsFe. Calculated %: C 72.49; H 8.78; 
Fe 18.73. 


Hydrogenation [11]. Sixteen g of acylated dimethylferrocene (unreacted dimethylferrocene removed 
chromatographically), 60 ml of C,H;OH, and 4 ml of skeletal Ni were charged to an autoclave, The initial 
Hg pressure was 95 atm. The hydrogenation was carried out for 1 hour at 110-120", 4 hours at 230°, and 2 hours 
at 250-280°. The reaction products were extracted with ether. The ether solution was carefully washed with 
water to remove the alcohol, and dried. Distillation of the ether and fractionation of the products was carried 
out in a column of 35 theoretical plates. Decalin was used as a chaser. | 


The following were isolated; methylcyclopentane (2 ml), b. p. 69.5-71.5°/750 mm, ni 1.4100, 43° 


0.7496; and two methylethylcyclopentanes (about 0.9 ml), b. p. 120-121°/750 mm, nv 1.4218; d3? 0.7681, and 
b. p. 125-125.5°, nF 1.4261. 


Judging from the physical constants [13], the lower boiling methylethylcyclopentane could have been 
the trans-1,2- or the cis-1,3-isomer, The second methylethylcyclopentane was probably the cis-1,2-isomer 
[13]. 


In addition, there was obtained 1.0 ml of an alkylcyclopentane with a b. p. of 151-152.5°/750 mm 
nff 1.4428; this was probably methyldiethylcyclopentane, previously undescribed in the literature. 


Found %; C 85.68, 85.84; H 14.34, 14.37. CygHgp. Calculated %; C’85.71; H 14.38, 
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FUNCTIONAL DERIVATIVES OF 1,1'-FERROCENEDICARBOXYLIC ACID 


Nik. A. Nesmeianov and O. A. Reutov 


(Presented by Academician A. N. Nesmeianov, February 11, 1958) 


1,1'-Ferrocenedicarboxylic acid was prepared by Woodward and co-workers in 1952 [1]; however, up to 
now, no derivatives of this acid have been known with the exception of the dimethyl ester (II) (see Table 1) 


[1] and the monomethyl ester (II) [2]. In the present work,a series of new derivatives of this acid were pre- 
pared, 


TABLE 1 


The chloride of 1,1'-ferrocenedicarboxylic acid (IV) was prepared in 30% yield by reacting 0.025 mole 
of this acid with 0.05 mole of phosphorus trichloride in 40 ml of benzene 3 hours in the cold and subsequently 
heating the reaction mixture at 50-60° for 2 hours. It was a red substance which crystallized from petroleum 
ether and which was readily soluble in organic solvents. M. p. 92-93". 


Found %; C 46.83, 46.87; H 2.68, 2.65; Fe 18.07, 17.94. CygHgFeO,Cl,. Calculated %: C 46.35; 
H 2.59; Fe 17.96. 


Hydrolysis of the pure acid chloride (IV) proceeds comparatively slowly. Thus, it is hydrolyzed by a 


20% solution of soda only on heating or on long standing in the cold; in this respect, it is similar to the chlo- 
tides of aromatic acids. 


The amide (V) of 1,1'-ferrocenedicarboxylic acid was prepared from the acid chloride in a yield close 
to quantitative; the amide is a yellow compound, insoluble in nonpolar and difficultly soluble in polar sol- 
vents. It can be recrystallized from water. It decomposes in the temperature interval 270-275". 


Found %; C 53.02, 53.10; H 4.25, 4.31; F 20.33, 20.42; N 13.11, 12.91. Cy,HjFeO,Ng. Calculated %; 
C 52.98; H 4.44; F 20.53; N 13.21. 


| x | Y Y 
7 
I | --COOH COOH \ 
II | —COOCH; | —COOCHs 
Ill | —COOH | —COOCHs Fe’ 
IV | —COCI —coc! 
V_| —CONH, | —CONH, 
VI | —COOCHs | —CONH 
VII | —COOH | —CONH; 
VIII | —COOH —CN 
IX —CN —CN 
X —H —CN 
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Heating the monomethyl ester of 1,1'-ferrocenedicarboxylic acid (III) for 2 hours in phosphorus trichlo- 
ride gave the corresponding acid chloride; this compound was not isolated, and, after removal of the solvent, 
it was treated in the cold with a 25% solution of ammonia. The resulting methyl ester of 1-carbamidoferro- 
cene~-1'-carboxylic acid [methyl ester of 1-carbamoyl-1'-ferrocenecarboxylic acid], a yellow powder, was 
recrystallized from toluene and from methanol. The yield was 60%. The material was readily soluble in 
acetone, alcohol, chloroform, and hydrochloric acid. M. p. 143.5-145°, 


Found %; C 54.85, 54.94; H 4.50, 4.60; Fe 19.51, 19.29; N 5.09, 5.12. CysHjsFeO,N. Calculated %: 


This ester was hydrolyzed with excess 10% NaOH by heating on a water bath for 15 minutes. The 1-carb- 
amidoferrocene-1'-carboxylic acid (VIII) [1-carbamoyl-1'-ferrocenecarboxylic acid] was reminiscent of the 
above-described amide of 1,1'-ferrocenedicarboxylic acid (V) with respect to solubility. It gradually decom- 
posed when heated above 200°. It could be recrystallized from acetic acid and from methanol. 


Found %; C 52.97, 53.08; H 3.94, 4.00; Fe 20.56, 20.83; N 5.37, 5.27. CygH,,;FeO,N. Calculated %: 
C 52.78; H 4,05; Fe 20.45; N 5.13. 


It was found that the above-described amides (V) and (VII), and also the amide of ferrocenecarboxylic 
acid * could be converted into the corresponding nitriles by heating with acetic anhydride. 


Heating 1-carbamidoferrocene-1'-carboxylic acid (VII) with acetic anhydride at 140° for 20 minutes 
gave a 55% yield of 1-cyano-1*-ferrocenecarboxylic acid (VII), a yellow substance with a m. p. of 179-180° 
(with decomposition) which was more soluble in polar than in nonpolar solvents. It could be recrystallized 
from toluene and from methanol. 


Found %:; C 56.56, 56.64; H 3.65, 3.76; Fe 21.88, 21.86; N 5.86, 6.07. CygHgFeO,N. Calculated %: 
C 56.52; H 3.56; Fe 21.90; N 5.49. 


The nitrile of 1,1'-ferrocenedicarboxylic acid (IX) was prepared by heating the amide of this acid (V) 
with acetic anhydride (10 ml of acetic anhydride per gram of amide) at 100° for 6 hours, and subsequently 
heating the reaction mixture in a sealed tube at 170°. The yield was 30%. M. p. 166-167.5° (with decom- 
position) in a sealed capillary, The material could be recrystallized from methanol and from toluene. 


Found %; C 61.17, 60.96; H 3.55, 3.49; Fe 23.73, 23.56; N 11.80, 11.73. CygHgFeNg. Calculated %: 
C 61.06; H 3.37; Fe 23.66; N 11.87. 


Heating the amide of ferrocenecarboxylic acid with acetic anhydride at 140° for 40 minutes gave the 
nitrile of this acid (X), and 20% of the original material was recovered. M. p. (X) 106.5-107.5°; literature 
value 103-104", ** 


Found %; C 62.74, 62.87; H 4.10, 4.25; Fe 26.21, 26.07; N 6.60, 6.77. CyHgFeN. Calculated %: 
C 62.61; H 4.29; Fe 26.47; N 6.64. 


By the action of pyridine on acid chloride (IV) in chloroform in the presence of water, the elements of 
HCl were split out of two molecules of the acid chloride and two molecules of water with the formation of 
the anhyaride of 1,1'-ferrocenedicarboxylic acid ( XI).* * * 


o 


where = — C,H, — Fe — 
(XI) 
* Described by Arimoto and Haven [3]. 
* * This nitrile was prepared by the American authors by dehydration of the oxime of the corresponding aldehyde [4]. 
***V.K. Plakunov took part in the preparation of anhydride (XI). 
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The yield amounted to as much as 65% if the reaction was carried out as follows. To a solution of 0.01 
mole of acid chloride (IV) in 15 ml of chloroform was added dropwise and with stirring 0.05 mole of pyridine 
-in chloroform; 1.2 ml of water was added immediately, and the mixture was agitated and then allowed to 
stand for 12 hours. The chloroform solution was then washed with 2% hydrochloric acid, a soda solution, and 
water, and dried over calcium chloride. The solvent was removed under vacuum,and the residue was washed 
with ether; the resulting material was a yellow powder, difficultly soluble in the majority of organic solvents, 
except chloroform, it decomposed in the range of 230-240° (after recrystallization fron nitromethane). 


Found %; C 55.92, 55.75; H 3.25, 3.37; Fe 21.60, 21.30. CygHgFeO;. Calculated %; C 56.28; 
H 3.15; Fe 21.80. 


The molecular weight (cryoscopic in dioxane) was; found 556, 528, calculated 512. 


Another proof of the dimeric formula given above for the anhydride is its reaction with aqueous ammonia. 
This reaction gave three products; the amide of 1,1'-ferrocenedicarboxylic acid (V), the ammonium salt of 
this acid, and 1-carbamidoferrocene-1'-carboxylic acid (VII) (approximately in the ratios 1:1; 2, respectively). 
The formation of only the latter product would be expected from the monomeric anhydride. The acids formed 
in this reaction were separated and identified as their methyl esters. Anhydride (XI) hydrolyzes on heating with 


dilute alkali, and lengthy heating with methanol in the presence of hydrochloric acid gives the methyl ester of 
1,1'-ferrocenedicarboxylic acid (II). 


In passing, we characterized certain salts of 1,1'-ferrocenedicarboxylic acid, The sodium, potassium, 
and lithium salts of this acid are readily soluble in water and difficultly soluble in strong alkalies, and, owing 
to this, they can be obtained in the solid form by treatment of the dry acid with concentrated alkalies. The 
crystals of the salts can be washed on the filter with a small amount of methanol to remove the alkali. 


The yellow-green copper (cupric) salt of acid (1) is practically insoluble in water. When 0.01 M aqueous 
solutions of lead acetate and the sodium salt of acid (I) are mixed, the lead saltof this acid precipitates. The 
barium and magnesium salts of this acid are more soluble in water. These salts precipitate when cold saturated 
solutions of the chlorides of these metals are mixed with a 0.05 M solution of the sodium salt of acid (I). 


In conformity with the aromatic nature of ferrocene, it was found that the radical — CCl, , formed by 
heating trichloroacetic acid in the presence of cupric chloride, is capable of replacing one of the hydrogens 
of ferrocene. This reaction was previously known only for such compounds as naphthalene and xylene [5]. The 
decomposition of trichloroacetic acid was carried out in a saturated solution of an equimolar amount of 
ferrocene in nitrobenzene at 120-130°. The trichloroacetic acid was added portion-wise, together with cata- 
lytic amounts of anhydrous cupric chloride and pyridine. At the conclusion of the reaction, the reaction mix- 
ture was heated with 10% NaOH, and ferrocenecarbox ylic acid was separated from the alkaline extract. Aftei 
recrystallization from toluene and methanol, the yield of acid was 6%; the melting point was 220-222° (with 
decomposition) in a sealed capillary. According to the literature, this acid decomposes above 200° [6, 7]. 


Found %; C 57.74, 57.62; H 4.50, 4.41; Fe 24.08, 24.12. CyyHjgO2Fe. Calculated %; C 57.43; H 4.39; 
Fe 24.28, 


Treatment of this acid with diazomethane gave the methyl ester with a m. p. of 68-69°, which corres- 
ponds to the literature value [6]. 
Though the conditions of the decomposition of trichloroacetic acid in a mixture with ferrocene were 
varied, no products of the double trichloromethylation of ferrocene were detected. 
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 


GITTL 

GONTI 
Gosenergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


Tad. AN SSSR 
Izd. MGU 
LEIZhT 

LET 

LETI 
LETIIZhT 
Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 
MOPI 

MSP 

NII ZVUKSZAPIOI 


Stroiizdat 
TOE 
TsKTI 
TsNIEL 
TSNIEL-MES 
TsVTI 

UF 
VIESKh 
VNIIM 
VNIIZhDT 
VTI 

VZEI 


ENCOUNTERED IN SOVIET PERIODICALS 


Phys. Inst. Acad. Sci. USSR. 

Water Power Inst. 

State Sci.-Tech. Press 

State Tech. and Theor. Lit. Press 

State United Sci.-Tech. Press 

State Power Press 

State Chem. Press 

All-Union State Standard 

State Tech. and Theor, Lit. Press 

Foreign Lit. Press 

Soviet Science Press 

Acad. Sci, USSR Press 

Moscow State Univ. Press 

Leningrad Power Inst. of Railroad Engineering 
Leningrad Elec, Engr. School 

Leningrad Electrotechnical Inst. 

Leningrad Electrical Engineering Research Inst. of Railroad Engr. 
State Sci.-Tech. Press for Machine Construction Lit. 
Ministry of Electrical Industry 

Ministry of Electrical Power Plants 

Ministry of Electrical Power Plants and the Electrical Industry 
Moscow State Univ. 

Moscow Inst. Chem. Tech. 

Moscow Regional Pedagogical Inst. 

Ministry of Industrial Construction 

Scientific Research Inst. of Sound Recording 

Sci. Inst. of Modern Motion Picture Photography 
United Sci.-Tech, Press 

Division of Technical Information 

Div. Tech. Sci. 

Construction Press 

Association of Power Engineers 

Central Research Inst. for Boilers and Turbines 
Central Scientific Research Elec. Engr. Lab. 

Central Scientific Research Elec. Engr. Lab.— Ministry of Electric Power Plants 
Central Office of Economic Information 

Ural Branch 

All- Union Inst. of Rural Elec. Power Stations 

All- Union Scientific Research Inst. of Meteorology 
All-Union Scientific Research Inst. of Railroad Engineering 
All-Union Thermotech. Inst. 

All-Union Power Correspondence Inst. 
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Experimental Verification. lon Exchange Sorbents. 
3. Absorption of the Cations of Heavy Metals by Possibili . 
b ty of Using lon Exchange Resins for Obtaining 
Anion Exchange Resins. Drinking Water of High Mineral Content. 


4. Principles of Adsorption Technology. A Exchangers 
5. Laws of Adsorption from Solutions under Dynamic 


Conditions during Separation of Alkaloids by . Methods for Isolating Anabasine, Spherophysine, and Methy! 
Means of lon Exchange Resins. Caffeine from Plant Raw Material and Mother Liquors by 
6. lon Exchange of Alkaloids on Synthetic lon Exchange Means of lon Exchangers. 
Resins. 16. Elution Curves of Morphine during lon Exchange Chroma- 
7. Structure of Cation Exchange Resins, Their Suggested tography on Cation Exchangers. 
ae Structure, and Possible Breakdown 17, application of lon Exchange Adsorbents in Pharmaceutical 
Analysis. 
he Synthesis and Study of lon 18, Absorption of Streptomycin by the Hydrogen and Hydrogen 
9. Physicochemical Salt Forms of Carboxylic Cation Exchangers. 
10. Properties of some Cation Exchange Resins and the 19. Use of lon Exchange Sorbents for Preventing Blood Clotting, 
Possibility of Using Them in the Medical and Food 20. Separation of Cadmium and Copper, Cadmium and Lead, and 
Industries. Cadmium and Bismuth by lon Exchange Chromatography. 


C.B. translations by bilingual scientists are — by the multilith process vale 


easy-to-read IBM cold » and include ~S jagrammatic, tabular and 
material integral with text. Books are staple-bound in sturdy paper covers. 
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